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1
RSPO3 BINDING AGENTS AND USES
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority benefit of U.S. Provisional
Application No. 61/671,421, filed Jul. 13, 2012, U.S. Provi-
sional Application No. 61/753,184, filed Jan. 16, 2013, U.S.
Provisional Application No. 61/789,156, filed Mar. 15, 2013,
and U.S. Provisional Application No. 61/826,747, filed May
23, 2013, each of which is hereby incorporated by reference
herein in its entirety.

FIELD OF THE INVENTION

The field of this invention generally relates to antibodies
and other agents that bind R-Spondin proteins (RSPO), par-
ticularly human R-Spondin protein RSPO3, as well as to
methods of using the antibodies or other agents for the treat-
ment of diseases such as cancer.

BACKGROUND OF THE INVENTION

The R-Spondin (RSPO) family of proteins is conserved
among vertebrates and comprises four members, RSPO1,
RSPO2, RSPO3, and RSPO4. These proteins have been
referred to by a variety of names, including roof plate-specific
spondins, hPWTSR (hRSPO3), THS2D (RSPO3), Cristin
1-4, and Futrin 1-4. The RSPOs are small secreted proteins
that overall share approximately 40-60% sequence homology
and domain organization. All RSPO proteins contain two
furin-like cysteine-rich domains at the N-terminus followed
by a thrombospondin domain and a basic charged C-terminal
tail (Kim et al., 2006, Cell Cycle, 5:23-26).

Studies have shown that RSPO proteins have a role during
vertebrate development (Kamata et al., 2004, Biochim. Bio-
phys Acta, 1676:51-62) and in Xeropusmyogenesis (Kazan-
skaya et al., 2004, Dev. Cell, 7:525-534). RSPOI1 has also
been shown to function as a potent mitogen for gastrointesti-
nal epithelial cells (Kim et al., 2005, Science, 309:1256-
1259). It has been reported that RSPO3 is prominently
expressed in or close by endothelial cells and their cellular
precursors in Xenopus and mouse. Furthermore, it has been
suggested that RSPO3 may act as an angiogenic factor in
embryogenesis (Kazanskaya et al., 2008, Development, 135:
3655-3664). RSPO proteins are known to activate [J-catenin
signaling similar to Wnt signaling, however the relationship
between RSPO proteins and Wnt signaling is still being inves-
tigated. It has been reported that RSPO proteins possess a
positive modulatory activity on Wnt ligands (Nam et al.,
2006, JBC 281:13247-57). This study also reported that
RSPO proteins could function as Frizzled8 and LRP6 recep-
tor ligands and induce [-catenin signaling (Nam et al., 2006,
JBC 281:13247-57). Recent studies have identified an inter-
action between RSPO proteins and LGR (leucine-rich repeat
containing, G protein-coupler receptor) proteins, such as
LGRS (U.S. Patent Publication Nos. 2009/0074782 and
2009/0191205), and these data present an alternative pathway
for the activation of §-catenin signaling.

The Wnt signaling pathway has been identified as a poten-
tial target for cancer therapy. The Wnt signaling pathway is
one of several critical regulators of embryonic pattern forma-
tion, post-embryonic tissue maintenance, and stem cell biol-
ogy. More specifically, Wnt signaling plays an important role
in the generation of cell polarity and cell fate specification
including self-renewal by stem cell populations. Unregulated
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activation of the Wnt pathway is associated with numerous
human cancers where it is believed the activation can alter the
developmental fate of cells. The activation of the Wnt path-
way may maintain tumor cells in an undifferentiated state
and/or lead to uncontrolled proliferation. Thus carcinogen-
esis can proceed by overtaking homeostatic mechanisms
which control normal development and tissue repair (re-
viewed in Reya & Clevers, 2005, Nature, 434:843-50;
Beachy et al., 2004, Nature, 432:324-31).

The Wnt signaling pathway was first elucidated in the
Drosophila developmental mutant wingless (wg) and from
the murine proto-oncogene int-1, now Wntl (Nusse & Var-
mus, 1982, Cell, 31:99-109; Van Ooyen & Nusse, 1984, Cell,
39:233-40; Cabreraet al., 1987, Cell, 50:659-63; Rijsewijk et
al., 1987, Cell, 50:649-57). Wnt genes encode secreted lipid-
modified glycoproteins of which 19 have been identified in
mammals. These secreted ligands activate a receptor complex
consisting of a Frizzled (FZD) receptor family member and
low-density lipoprotein (LDL) receptor-related protein 5 or 6
(LRP5/6). The FZD receptors are seven transmembrane
domain proteins of the G-protein coupled receptor (GPCR)
superfamily and contain a large extracellular N-terminal
ligand binding domain with 10 conserved cysteines, known as
a cysteine-rich domain (CRD) or Fri domain. There are ten
human FZD receptors, FZD1, FZD2, FZD3, FZD4, FZDS5,
FZD6, FZD7, FZD8, FZD9, and FZDI10. Different FZD
CRDs have different binding affinities for specific Wnt pro-
teins (Wu & Nusse, 2002, J. Biol. Chem., 277:41762-9), and
FZD receptors have been grouped into those that activate the
canonical f-catenin pathway and those that activate non-
canonical pathways (Miller et al., 1999, Oncogene, 18:7860-
72).

A role for Wnt signaling in cancer was first uncovered with
the identification of Wntl (originally intl) as an oncogene in
mammary tumors transformed by the nearby insertion of a
murine virus (Nusse & Varmus, 1982, Cell, 31:99-109). Addi-
tional evidence for the role of Wnt signaling in breast cancer
has since accumulated. For instance, transgenic over-expres-
sion of f-catenin in the mammary glands results in hyperpla-
sias and adenocarcinomas (Imbert et al., 2001, J. Cell Biol.,
153:555-68; Michaelson & Leder, 2001, Oncogene, 20:5093-
9) whereas loss of Wnt signaling disrupts normal mammary
gland development (Tepera et al., 2003, J. Cell Sci., 116:
1137-49; Hatsell et al., 2003, J. Mammary Gland Biol. Neo-
plasia, 8:145-58). In human breast cancer, 3-catenin accumu-
lation implicates activated Wnt signaling in over 50% of
carcinomas, and though specific mutations have not been
identified, up-regulation of Frizzled receptor expression has
been observed (Brennan & Brown, 2004, J. Mammary Gland
Biol. Neoplasia, 9:119-31; Malovanovic et al., 2004, Int. J.
Oncol., 25:1337-42).

Activation of the Wnt pathway is also associated with
colorectal cancer. Approximately 5-10% of all colorectal can-
cers are hereditary with one of the main forms being familial
adenomatous polyposis (FAP), an autosomal dominant dis-
ease in which about 80% of affected individuals contain a
germline mutation in the adenomatous polyposis coli (APC)
gene. Mutations have also been identified in other Wnt path-
way components including Axin and p-catenin. Individual
adenomas are clonal outgrowths of epithelial cells containing
a second inactivated allele, and the large number of FAP
adenomas inevitably results in the development of adenocar-
cinomas through additional mutations in oncogenes and/or
tumor suppressor genes. Furthermore, activation of the Wnt
signaling pathway, including loss-of-function mutations in
APC and stabilizing mutations in [-catenin, can induce
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hyperplastic development and tumor growth in mouse models
(Oshima et al., 1997, Cancer Res., 57:1644-9; Harada et al.,
1999, EMBO 1., 18:5931-42).

Similar to breast cancer and colon cancer, melanoma often
has constitutive activation of the Wnt pathway, as indicated
by the nuclear accumulation of p-catenin. Activation of the
Wnt/pB-catenin pathway in some melanoma tumors and cell
lines is due to modifications in pathway components, such as
APC, ICAT, LEF1 and p-catenin (see e.g., Larue et al. 2006,
Frontiers Biosci., 11:733-742). However, there are conflict-
ing reports in the literature as to the exact role of Wnt/p-
catenin signaling in melanoma. For example, one study found
that elevated levels of nuclear f-catenin correlated with
improved survival from melanoma, and that activated Wnt/p3-
catenin signaling was associated with decreased cell prolif-
eration (Chien et al., 2009, PNAS, 106:1193-1198).

The focus of cancer drug research is shifting toward tar-
geted therapies aimed at genes, proteins, and pathways
involved in human cancer. There is a need for new agents
targeting signaling pathways and new combinations of agents
that target multiple pathways that could provide therapeutic
benefit for cancer patients. Thus, biomolecules (e.g., anti-
RSPO3 antibodies) that disrupt f-catenin signaling are a
potential source of new therapeutic agents for cancer, as well
as other [-catenin-associated diseases.

BRIEF SUMMARY OF THE INVENTION

The present invention provides binding agents, such as
antibodies, that bind RSPO3 proteins, as well as composi-
tions, such as pharmaceutical compositions, comprising the
binding agents. Binding agents that bind RSPO3 as well as at
least one additional antigen or target, and pharmaceutical
compositions of such binding agents, are also provided. In
certain embodiments, the RSPO3-binding agents are novel
polypeptides, such as antibodies, antibody fragments, and
other polypeptides related to such antibodies. The invention
further provides methods of inhibiting the growth of a tumor
by administering the RSPO3-binding agents to a subject with
a tumor. The invention further provides methods of treating
cancer by administering the RSPO3-binding agents to a sub-
ject in need thereof. In some embodiments, the methods of
treating cancer or inhibiting tumor growth comprise targeting
cancer stem cells with the RSPO3-binding agents. In some
embodiments, the methods comprise disrupting (f-catenin
signaling. In some embodiments, the methods comprise
modulating (e.g., inhibiting) angiogenesis. In certain
embodiments, the methods comprise reducing the frequency
of'cancer stem cells in a tumor, reducing the number of cancer
stem cells in a tumor, reducing the tumorigenicity of a tumor,
and/or reducing the tumorigenicity of a tumor by reducing the
number or frequency of cancer stem cells in the tumor.

In one aspect, the invention provides a binding agent, such
as an antibody, that specifically binds human RSPO3. The
sequence of human RSPO3 is known in the art and is included
herein as SEQ ID NO:3. In certain embodiments, the RSPO3-
binding agent binds within amino acids 22-272 of human
RSPO3. In certain embodiments, the RSPO3-binding agent
binds within amino acids 22-207 of human RSPO3. In certain
embodiments, the RSPO3-binding agent binds within amino
acids 35-135 of human RSPO3. In certain embodiments, the
RSPO3-binding agent binds within amino acids 35-86 of
human RSPO3. In certain embodiments, the RSPO3-binding
agent binds within amino acids 92-135 of human RSPO3. In
some embodiments, the RSPO3-binding agent (e.g., an anti-
body) specifically binds at least one other human RSPO
selected from the group consisting of RSPO1, RSPO2, and
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RSPO4. In some embodiments, the RSPO3-binding agent or
antibody modulates [-catenin activity, is an antagonist of
[-catenin signaling, inhibits [-catenin signaling, and/or
inhibits activation of f-catenin. In some embodiments, the
RSPO3-binding agent inhibits RSPO3 signaling. In some
embodiments, the RSPO3-binding agent inhibits, interferes
with, and/or disrupts binding of RSPO3 to one or more LGR
proteins (e.g., LGR4, LGRS, and/or LGR6). In some embodi-
ments, the RSPO3-binding agent inhibits binding of RSPO3
to LGRS.

In certain embodiments, the RSPO3-binding agent is an
antibody which binds human RSPO3. In some embodiments,
the antibody binds human RSPO3 and mouse RSPO3. In
certain embodiments, the antibody comprises a heavy chain
CDRI comprising KASGYTFTDYS (SEQ ID NO:9), KAS-
GYTFTSYTF (SEQ IDNO:34), or DYSIH (SEQ ID NO:78),
a heavy chain CDR2 comprising IYPSNGDS (SEQ ID
NO:10) or YIYPSNGDSGYNQKFK (SEQID NO:79), and a
heavy chain CDR3 comprising ATYFANYFDY (SEQ ID
NO:11), ATYFANNFDY (SEQ ID NO:35), or TYFANNFD
(SEQ ID NO:80). In some embodiments, the antibody further
comprises a  light chain CDRI1 comprising
QSVDYDGDSYM (SEQ ID NO:12) or KASQS-
VDYDGDSYMN (SEQID NO:81), alight chain CDR2 com-
prising AAS (SEQ ID NO:13) or AASNLES (SEQ ID
NO:82), and a light chain CDR3 comprising QQSNEDPLT
(SEQ ID NO:14) or QQSNEDPLTF (SEQ ID NO:83). In
some embodiments, the antibody comprises a heavy chain
CDR1 comprising KASGYTFTDYS (SEQ ID NO:9), a
heavy chain CDR2 comprising IYPSNGDS (SEQ ID
NO:10), and a heavy chain CDR3 comprising ATYFANN-
FDY (SEQID NO:35), and/or a light chain CDR1 comprising
QSVDYDGDSYM (SEQ ID NO:12), a light chain CDR2
comprising AAS (SEQ ID NO:13), and a light chain CDR3
comprising QQSNEDPLT (SEQ ID NO:14). In some
embodiments, the antibody comprises a heavy chain CDR1
comprising DYSIH (SEQ ID NO:78), a heavy chain CDR2
comprising YIYPSNGDSGYNQKFK (SEQ ID NO:79), and
a heavy chain CDR3 comprising TYFANNFD (SEQ ID
NO:80), and/or a light chain CDR1 comprising KASQS-
VDYDGDSYMN (SEQID NO:81), alight chain CDR2 com-
prising AASNLES (SEQ ID NO:82), and a light chain CDR3
comprising QQSNEDPLTF (SEQ ID NO:83). In some
embodiments, the antibody comprises a heavy chain CDR1
comprising DYSIH (SEQ ID NO:78), a heavy chain CDR2
comprising YIYPSNGDSGYNQKFK (SEQ ID NO:79), and
a heavy chain CDR3 comprising TYFANNFD (SEQ ID
NO:80), and/or a light chain CDR1 comprising KASQS-
VDYDGDSYMN (SEQID NO:81), alight chain CDR2 com-
prising AASNLES (SEQ ID NO:82), and a light chain CDR3
comprising QQSNEDPLT (SEQ ID NO:14). In some
embodiments, the antibody comprises a heavy chain CDR1
comprising KASGYTFTDYS (SEQ ID NO:9) or DYSIH
(SEQ ID NO:78), a heavy chain CDR2 comprising
IYPSNGDS (SEQ ID NO:10), and a heavy chain CDR3
comprising TYFANNFD (SEQ ID NO:80), and/or a light
chain CDR1 comprising QSVDYDGDSYM (SEQ ID
NO:12), a light chain CDR2 comprising AAS (SEQ ID
NO:13), and a light chain CDR3 comprising QQSNEDPLT
(SEQID NO:14).

In certain embodiments, the RSPO3-binding agent is an
antibody which comprises: (a) a heavy chain CDR1 compris-
ing KASGYTFTDYS (SEQ ID NO:9), KASGYTFTSYTF
(SEQ ID NO:34), DYSIH (SEQ ID NO:78), or a variant
thereof comprising 1, 2, 3, or 4 amino acid substitutions; (b)
a heavy chain CDR2 comprising IYPSNGDS (SEQ ID
NO:10), YIYPSNGDSGYNQKFK (SEQ ID NO:79), or a
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variant thereof comprising 1, 2, 3, or 4 amino acid substitu-
tions; (¢) a heavy chain CDR3 comprising ATYFANYFDY
(SEQ ID NO:11), ATYFANNFDY (SEQ ID NO:35),
TYFANNEFD (SEQ ID NO:80), or a variant thereof compris-
ing 1, 2, 3, or 4 amino acid substitutions; (d) a light chain
CDR1 comprising QSVDYDGDSYM (SEQ ID NO:12),
KASQSVDYDGDSYMN (SEQ ID NO:81), or a variant
thereof comprising 1, 2, 3, or 4 amino acid substitutions; (e)
a light chain CDR2 comprising AAS (SEQ ID NO:13),
AASNLES (SEQ ID NO:82), or a variant thereof comprising
1, 2, 3, or 4 amino acid substitutions; and (f) a light chain
CDR3 comprising QQSNEDPLT (SEQ ID NO:14),
QQSNEDPLTF (SEQ ID NO:83), or a variant thereof com-
prising 1, 2, 3, or 4 amino acid substitutions. In some embodi-
ments, the amino acid substitutions are conservative amino
acid substitutions. In some embodiments, the substitutions
are made as part of a germline humanization process.

In certain embodiments, the RSPO3-binding agent is an
antibody which comprises: (a) a heavy chain variable region
having atleast 80% sequence identity to SEQ ID NO:15, SEQ
ID NO:16, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:44,
SEQ ID NO:45, or SEQ ID NO:62; and/or (b) a light chain
variable region having at least 80% sequence identity to SEQ
1D NO:17, SEQ ID NO:72, or SEQ ID NO:86. In certain
embodiments, the RSPO3-binding agent is an antibody that
comprises: (a) a heavy chain variable region having at least
90% sequence identity to SEQ ID NO:15, SEQ ID NO:16,
SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:44, SEQ ID
NO:45, or SEQ ID NO:62; and/or (b) a light chain variable
region having at least 90% sequence identity to SEQ ID
NO:17, SEQ ID NO:72, or SEQ ID NO:86.

In some embodiments, the RSPO3-binding agent is a
monoclonal antibody. In some embodiments, the monoclonal
antibody is an IgG1 antibody. In some embodiments, the
monoclonal antibody is an 1gG2 antibody. In some embodi-
ments, the RSPO3-binding agent is monoclonal antibody
131R002 or monoclonal antibody 131R003. In some embodi-
ments, the RSPO3-binding agent is an affinity-matured vari-
ant of monoclonal antibody 131R002 or monoclonal anti-
body 131R003. In some embodiments, the RSPO3-binding
agent is a chimeric antibody comprising the antigen-binding
sites from antibody 131R002 or antibody 131R003. In some
embodiments, the RSPO3-binding agent is a humanized form
of antibody 131R002 or antibody 131R003. In some embodi-
ments, the RSPO3-binding agent is antibody h131R006A,
h131R006B, h131R005/131R007, h131R008, h131R010, or
h131RO11.

In another aspect, the invention provides a binding agent
(e.g., an antibody) that competes for specific binding to
human RSPO3 with an antibody of the invention. In some
embodiments, the binding agent (e.g., an antibody) competes
for specific binding to human RSPO3 with an antibody that
comprises a heavy chain variable region comprising SEQ ID
NO:15, SEQ ID NO:16, SEQ ID NO:36, SEQ ID NO:37,
SEQ ID NO:44, SEQ ID NO:45, or SEQ ID NO:62, and a
light chain variable region comprising SEQ ID NO:17, SEQ
1D NO:72, or SEQ ID NO:86. In some embodiments, the
antibody with which the RSPO3-binding agent competes is
antibody 131R002 or antibody 131R003. In some embodi-
ments, the antibody with which the RSPO3-binding agent
competes is a humanized form of antibody 131R002 or anti-
body 131R003. In some embodiments, the antibody with
which the RSPO3-binding agent competes is antibody
131R006A, h131R006B, h131R005/131R007, h131R008,
h131R010, or h131R011. In some embodiments, the binding
agent competes for specific binding to RSPO3 with an anti-
body of the invention in an in vitro competitive binding assay.
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In certain embodiments, the binding agent is an antibody
that binds the same epitope, or essentially the same epitope,
on RSPO3 as an antibody of the invention (e.g., 131R002,
131R003, or humanized forms/variants thereof). In certain
embodiments, the binding agent is an antibody that antibody
binds the same epitope, or essentially the same epitope, on
RSPO3 as antibody h131R005/131R007, h131R008,
h131R010, or h131RO11.

In still another aspect, the binding agent is an antibody that
binds an epitope on RSPO3 that overlaps with the epitope on
RSPO3 bound by an antibody of the invention (e.g.,
131R002, 131R003, or humanized forms/variants thereof). In
some embodiments, the binding agent is an antibody that
binds an epitope on RSPO3 that overlaps with the epitope on
RSPO3 bound by antibody h131R005/131R007, h131R008,
h131R010, or h131RO11.

In certain embodiments of each of the aforementioned
aspects or embodiments, as well as other aspects and/or
embodiments described elsewhere herein, the binding agent
is a bispecific antibody. In some embodiments, the bispecific
antibody specifically binds human RSPO3 and a second tar-
get. In some embodiments, the bispecific antibody specifi-
cally binds human RSPO3 and human RSPOI1. In some
embodiments, the bispecific antibody specifically binds
human RSPO3 and human RSPO2. In some embodiments,
the bispecific antibody specifically binds human RSPO3 and
human RSPO4. In some embodiments, the bispecific anti-
body modulates p-catenin activity. In certain embodiments,
the bispecific antibody inhibits f-catenin activity. In certain
embodiments, the bispecific antibody inhibits f-catenin sig-
naling. In certain embodiments, the bispecific antibody inhib-
its activation of f-catenin. In some embodiments, the bispe-
cific antibody reduces the number of frequency of cancer
stem cells. In certain embodiments, the bispecific antibody
comprises two identical light chains. In certain embodiments,
the bispecific antibody is an IgG antibody. In certain embodi-
ments, the bispecific antibody is an IgG1 antibody. In certain
embodiments, the bispecific antibody is an 1gG2 antibody.

Insome embodiments, the bispecific antibody comprises: a
first antigen-binding site that specifically binds human
RSPO3, wherein the first antigen-binding site comprises a
heavy chain CDR1 comprising KASGYTFTDYS (SEQ ID
NO:9), KASGYTFTSYTF (SEQ ID NO:34), or DYSIH
(SEQ ID NO:78), a heavy chain CDR2 comprising
IYPSNGDS (SEQ ID NO:10) or YIYPSNGDSGYNQKFK
(SEQ ID NO:79), and a heavy chain CDR3 comprising ATY-
FANYFDY (SEQ ID NO:11), ATYFANNFDY (SEQ ID
NO:35), or TYFANNFD (SEQ ID NO:80). In some embodi-
ments, the first antigen-binding site comprises a light chain
CDRI1 comprising QSVDYDGDSYM (SEQ ID NO:12) or
KASQSVDYDGDSYMN (SEQ ID NO:81), a light chain
CDR2 comprising AAS (SEQ ID NO:13) or AASNLES
(SEQ ID NO:82), and a light chain CDR3 comprising
QQSNEDPLT (SEQ ID NO:14) or QQSNEDPLTF (SEQ ID
NO:83). In some embodiments, the bispecific antibody fur-
ther comprises a second antigen-binding site that specifically
binds human RSPOI1. In some embodiments, the bispecific
antibody further comprises a second antigen-binding site that
specifically binds human RSPO2. Non-limiting examples of
antibodies to RSPO1 or antibodies to RSPO2 have been
described in, for example, International Patent Application
Pub. No. WO 2013/012747. In some embodiments, the first
and second binding sites comprise a common (e.g., identical)
light chain.

In some embodiments, the bispecific antibody comprises:
a) a first antigen-binding site that specifically binds human
RSPO3, and b) a second antigen-binding site that specifically
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binds human RSPO1, wherein the first antigen-binding site
comprises a heavy chain CDR1 comprising KASGYTFT-
DYS (SEQ ID NO:9), KASGYTFTSYTF (SEQ ID NO:34),
or DYSIH (SEQID NO:78), aheavy chain CDR2 comprising
TYPSNGDS (SEQ ID NO:10) or YIYPSNGDSGYNQKFK
(SEQ ID NO:79), and a heavy chain CDR3 comprising ATY-
FANYFDY (SEQ ID NO:11), ATYFANNFDY (SEQ ID
NO:35), or TYFANNFD (SEQ ID NO:80). In some embodi-
ments, the bispecific antibody comprises: a) a first antigen-
binding site that specifically binds human RSPO3, and b) a
second antigen-binding site that specifically binds human
RSPO2, wherein the first antigen-binding site comprises a
heavy chain CDR1 comprising KASGYTFTDYS (SEQ ID
NO:9), KASGYTFTSYTF (SEQ ID NO:34), or DYSIH
(SEQ ID NO:78), a heavy chain CDR2 comprising
TYPSNGDS (SEQ ID NO:10) or YIYPSNGDSGYNQKFK
(SEQ ID NO:79), and a heavy chain CDR3 comprising ATY-
FANYFDY (SEQ ID NO:11), ATYFANNFDY (SEQ ID
NO:35), or TYFANNFD (SEQ ID NO:80). In some embodi-
ments, the first antigen-binding site comprises a light chain
CDRI1 comprising QSVDYDGDSYM (SEQ ID NO:12) or
KASQSVDYDGDSYMN (SEQ ID NO:81), a light chain
CDR2 comprising AAS (SEQ ID NO:13) or AASNLES
(SEQ ID NO:82), and a light chain CDR3 comprising
QQSNEDPLT (SEQ ID NO:14) or QQSNEDPLTF (SEQ ID
NO:83).

In some embodiments, the bispecific antibody specifically
binds human RSPO3 and comprises: a heavy chain variable
region having at least 90% sequence identity to SEQ ID
NO:15, SEQ ID NO:16, SEQ ID NO:36, SEQ ID NO:37,
SEQ ID NO:44, SEQ ID NO:45, or SEQ ID NO:62. In some
embodiments, the bispecific antibody specifically binds
human RSPO3 and comprises: a heavy chain variable region
having atleast 95% sequence identity to SEQ ID NO:15, SEQ
ID NO:16, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:44,
SEQIDNO:45, or SEQID NO:62. In some embodiments, the
bispecific antibody comprises a first and second binding site,
wherein the first and second binding sites comprise a com-
mon (e.g., identical) light chain. In some embodiments, the
bispecific antibody comprises a light chain variable region
having atleast 95% sequence identity to SEQ ID NO:17, SEQ
ID NO:72, or SEQ ID NO:86.

In certain embodiments of each of the aforementioned
aspects, as well as other aspects and/or embodiments
described elsewhere herein, the RSPO3-binding agent or
antibody is isolated. In some embodiments, the RSPO3-bind-
ing agent or antibody is substantially pure.

In another aspect, the invention provides polypeptides. In
some embodiments, the polypeptide comprises a sequence
selected from the group consisting of: SEQ ID NO:15, SEQ
IDNO:16, SEQ ID NO:17, SEQ ID NO:21, SEQ ID NO:22.
SEQ ID NO:23, SEQ ID NO:27, SEQ ID NO:28, SEQ 1D
NO:29, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38,
SEQ ID NO:39, SEQ ID NO:41, SEQ ID NO:42, SEQ 1D
NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47,
SEQ ID NO:48, SEQ 1D NO:49, SEQ ID NO:62, SEQ 1D
NO:63, SEQ ID NO:64, SEQ ID NO:68, SEQ ID NO:69,
SEQ ID NO:72, SEQ ID NO:73, SEQ ID NO:74, SEQ 1D
NO:86, SEQ ID NO:87, and SEQ ID NO:88. In some
embodiments, the polypeptide comprises SEQ ID NO:15
and/or SEQ ID NO:17. In some embodiments, the polypep-
tide comprises SEQ ID NO:16 and/or SEQ ID NO:17. In
some embodiments, the polypeptide comprises SEQ ID
NO:36 and/or SEQ ID NO:17. In some embodiments, the
polypeptide comprises SEQ 1D NO:37 and/or SEQ ID
NO:17. In some embodiments, the polypeptide comprises
SEQ ID NO:44 and/or SEQ ID NO:17. In some embodi-
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ments, the polypeptide comprises SEQ ID NO:45 and/or SEQ
ID NO:17. In some embodiments, the polypeptide comprises
SEQ ID NO:62 and/or SEQ ID NO:17. In some embodi-
ments, the polypeptide comprises SEQ ID NO:44 and/or SEQ
1D NO:72. In some embodiments, the polypeptide comprises
SEQ ID NO:45 and/or SEQ ID NO:72. In some embodi-
ments, the polypeptide comprises SEQ ID NO:62 and/or SEQ
1D NO:72. In some embodiments, the polypeptide comprises
SEQ ID NO:44 and/or SEQ ID NO:86. In some embodi-
ments, the polypeptide comprises SEQ ID NO:45 and/or SEQ
1D NO:86. In some embodiments, the polypeptide comprises
SEQ ID NO:62 and/or SEQ ID NO:86.

In some embodiments, the polypeptide comprises SEQ ID
NO:21 and/or SEQ ID NO:23. In some embodiments, the
polypeptide comprises SEQ ID NO:22 and/or SEQ ID
NO:23. In some embodiments, the polypeptide comprises
SEQ ID NO:38 and/or SEQ ID NO:23. In some embodi-
ments, the polypeptide comprises SEQ ID NO:41 and/or SEQ
1D NO:23. In some embodiments, the polypeptide comprises
SEQ ID NO:46 and/or SEQ ID NO:23. In some embodi-
ments, the polypeptide comprises SEQ ID NO:47 and/or SEQ
1D NO:23. In some embodiments, the polypeptide comprises
SEQ ID NO:63 and/or SEQ ID NO:23. In some embodi-
ments, the polypeptide comprises SEQ ID NO:68 and/or SEQ
1D NO:23. In some embodiments, the polypeptide comprises
SEQ ID NO:46 and/or SEQ ID NO:73. In some embodi-
ments, the polypeptide comprises SEQ ID NO:47 and/or SEQ
1D NO:73. In some embodiments, the polypeptide comprises
SEQ ID NO:63 and/or SEQ ID NO:73. In some embodi-
ments, the polypeptide comprises SEQ ID NO:68 and/or SEQ
1D NO:73. In some embodiments, the polypeptide comprises
SEQ ID NO:46 and/or SEQ ID NO:87. In some embodi-
ments, the polypeptide comprises SEQ ID NO:47 and/or SEQ
1D NO:87. In some embodiments, the polypeptide comprises
SEQ ID NO:63 and/or SEQ ID NO:87. In some embodi-
ments, the polypeptide comprises SEQ ID NO:68 and/or SEQ
1D NO:87.

In some embodiments, the polypeptide comprises SEQ ID
NO:27 and/or SEQ ID NO:29. In some embodiments, the
polypeptide comprises SEQ ID NO:28 and/or SEQ ID
NO:29. In some embodiments, the polypeptide comprises
SEQ ID NO:39 and/or SEQ ID NO:29. In some embodi-
ments, the polypeptide comprises SEQ ID NO:42 and/or SEQ
1D NO:29. In some embodiments, the polypeptide comprises
SEQ ID NO:48 and/or SEQ ID NO:29. In some embodi-
ments, the polypeptide comprises SEQ ID NO:49 and/or SEQ
1D NO:29. In some embodiments, the polypeptide comprises
SEQ ID NO:64 and/or SEQ ID NO:29. In some embodi-
ments, the polypeptide comprises SEQ ID NO:69 and/or SEQ
1D NO:29. In some embodiments, the polypeptide comprises
SEQ ID NO:48 and/or SEQ ID NO:74. In some embodi-
ments, the polypeptide comprises SEQ ID NO:49 and/or SEQ
1D NO:74. In some embodiments, the polypeptide comprises
SEQ ID NO:64 and/or SEQ ID NO:74. In some embodi-
ments, the polypeptide comprises SEQ ID NO:69 and/or SEQ
1D NO:74. In some embodiments, the polypeptide comprises
SEQ ID NO:48 and/or SEQ ID NO:88. In some embodi-
ments, the polypeptide comprises SEQ ID NO:49 and/or SEQ
1D NO:88. In some embodiments, the polypeptide comprises
SEQ ID NO:64 and/or SEQ ID NO:88. In some embodi-
ments, the polypeptide comprises SEQ ID NO:69 and/or SEQ
1D NO:88.

In some embodiments, the polypeptide is isolated. In cer-
tain embodiments, the polypeptide is substantially pure. In
certain embodiments, the polypeptide is an antibody or part of
any antibody, such as an antibody fragment.
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In another aspect, the invention provides isolated poly-
nucleotide molecules comprising a polynucleotide that
encodes the antibodies and/or polypeptides of each of the
aforementioned aspects, as well as other aspects and/or
embodiments described herein. In some embodiments, the
polynucleotide comprises a sequence selected from the group
consisting of SEQ ID NO:18, SEQ ID NO:19, SEQ ID
NO:20, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26,
SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ 1D
NO:40, SEQ ID NO:43, SEQ ID NO:50, SEQ ID NO:51,
SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, SEQ 1D
NO:55, SEQ ID NO:65, SEQ ID NO:66, SEQ ID NO:67,
SEQ ID NO:70, SEQ ID NO:71, SEQ ID NO:75, SEQ 1D
NO:76, SEQ ID NO:77, SEQ ID NO:84, SEQ ID NO:85,
SEQ ID NO:89, SEQ ID NO:90, SEQ ID NO:91, SEQ 1D
NO:92, SEQ ID NO:93, SEQ ID NO:94, and SEQ ID NO:95.
In some embodiments, the polynucleotide comprises a poly-
nucleotide that encodes a polypeptide selected from the group
consisting of: SEQ ID NO:15, SEQ ID NO:16, SEQ ID
NO:17, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23,
SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ 1D
NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39,
SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:44, SEQ 1D
NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48,
SEQ ID NO:49, SEQ ID NO:62, SEQ ID NO:63, SEQ 1D
NO:64, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:72,
SEQ ID NO:73, SEQ ID NO:74, SEQ ID NO:86, SEQ 1D
NO:87, and SEQ ID NO:88.

The invention further provides expression vectors that
comprise the polynucleotides, as well as cells that comprise
the expression vectors and/or the polynucleotides. In some
embodiments, the cell is a hybridoma cell line. In some
embodiments, the cell is a monoclonal cell line. In some
embodiments, the cell is a prokaryotic cell. In some embodi-
ments, the cell is an eukaryotic cell.

In other aspects, the invention provides methods of inhib-
iting growth of a tumor, comprising contacting the tumor with
an effective amount of a RSPO3-binding agent or antibody,
including each of those described herein.

In another aspect, the invention provides a method of inhib-
iting the growth of a tumor in a subject, comprising admin-
istering to the subject a therapeutically effective amount of a
RSPO3-binding agent or antibody, including each of those
described herein.

In another aspect, the invention provides a method of inhib-
iting fB-catenin signaling in a cell, comprising contacting the
cell with an effective amount of a RSPO3-binding agent or
antibody, including each of those described herein. In some
embodiments, the cell is a tumor cell. In some embodiments,
the tumor is a colorectal tumor. In some embodiments, the
tumor is an ovarian tumor. In some embodiments, the tumor is
a pancreatic tumor. In some embodiments, the tumor is a hung
tumor. In some embodiments, the tumor is a breast tumor. In
some embodiments, the tumor expresses elevated levels of at
least one RSPO protein. In some embodiments, the tumor
expresses elevated levels of RSPO1. In some embodiments,
the tumor expresses elevated levels of RSPO2. In some
embodiments, the tumor expresses elevated levels of RSPO3.
In some embodiments, the tumor expresses a high level of at
least one RSPO protein. In some embodiments, the tumor
expresses a high level of RSPO1. In some embodiments, the
tumor expresses a high level of RSPO2. In some embodi-
ments, the tumor expresses a high level of RSPO3. In certain
embodiments, the RSPO3-binding agent inhibits growth of
the tumor, for example, by reducing the number and/or fre-
quency of cancer stem cells in the tumor. In some embodi-
ments, the tumor contains a RSPO gene fusion. In some
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embodiments, the tumor contains a RSPO2 gene fusion. In
some embodiments, the tumor contains a RSPO3 gene fusion.

In another aspect, the invention provides methods of treat-
ing cancer in a subject. In some embodiments, the method
comprises administering to a subject a therapeutically effec-
tive amount of any of the RSPO3-binding agents or antibod-
ies described above, as well as those described elsewhere
herein. In some embodiments, the cancer is pancreatic cancer.
In some embodiments, the cancer is colorectal cancer. In
some embodiments, the colorectal cancer comprises an inac-
tivating mutation in the adenomatous polyposis coli (APC)
gene. In some embodiments, the colorectal cancer does not
comprise an inactivating mutation in the APC gene. In some
embodiments, the colorectal cancer comprises a wild-type
APC gene. In some embodiments, the colorectal cancer com-
prises a RSPO gene fusion. In some embodiments, the col-
orectal cancer comprises a RSPO2 gene fusion. In some
embodiments, the colorectal cancer comprises a RSPO3 gene
fusion. In some embodiments, the cancer is ovarian cancer. In
some embodiments, the cancer is lung cancer. In some
embodiments, the cancer is breast cancer. In some embodi-
ments, the cancer expresses elevated levels of at least one
RSPO protein. In some embodiments, the cancer is an ovarian
cancer that expresses elevated levels of RSPO3. In some
embodiments, the cancer is lung cancer that expresses
elevated levels of RSPO3. In some embodiments, the cancer
is breast cancer that expresses elevated levels of RSPO3. In
some embodiments, the cancer is pancreatic cancer that
expresses elevated levels of RSPO3.

In another aspect, the invention provides methods of treat-
ing a disease in a subject wherein the disease is associated
with activation of f-catenin, increased [-catenin signaling,
and/or aberrant f-catenin signaling, wherein the method
comprises administering to the subject a therapeutically
effective amount of a RSPO3-binding agent or antibody,
including each of those described herein.

In certain embodiments of each of the aforementioned
aspects, as well as other aspects and/or embodiments
described elsewhere herein, the treatment methods further
comprise a step of determining the expression level of at least
one RSPO protein in the tumor or cancer.

In another aspect, the invention provides a method of'iden-
tifying a human subject or selecting a human subject for
treatment with a RSPO3-binding agent or antibody, including
but not limited to, each of those described herein. In some
embodiments, the method comprises determining if the sub-
ject has a tumor that has an elevated expression level of a
specific RSPO (e.g., RSPO3) as compared to the expression
of the same RSPO protein in normal tissue or to a pre-deter-
mined level of the same RPSO protein. In some embodi-
ments, the method comprises identifying a subject for treat-
ment or selecting a subject for treatment if the tumor has an
elevated level of RSPO expression. In some embodiments,
the method comprises determining if the subject has a tumor
that comprises an inactivating mutation in the APC gene. In
some embodiments, the method comprises identifying a sub-
ject for treatment or selecting a subject for treatment if the
tumor comprises an inactivating mutation in the APC gene. In
some embodiments, the method comprises determining if the
subject has a tumor that comprises a RSPO gene fusion (e.g.,
a RSPO3 gene fusion). In some embodiments, the method
comprises identifying a subject for treatment or selecting a
subject for treatment if the tumor comprises a RSPO gene
fusion (e.g., a RSPO3 gene fusion).

In certain embodiments of each of the aforementioned
aspects, as well as other aspects and/or embodiments
described elsewhere herein, the treatment methods comprise
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administering to the subject the RSPO3-binding agent and at
least one additional therapeutic agent.

Pharmaceutical compositions comprising a RSPO3-bind-
ing agent or antibody described herein and a pharmaceuti-
cally acceptable carrier are further provided, as are cell lines
that produce the RSPO3-binding agents. Methods of treating
cancer and/or inhibiting tumor growth in a subject (e.g., a
human) comprising administering to the subject an effective
amount of a pharmaceutical composition comprising the
RSPO3-binding agents are also provided.

Where aspects or embodiments of the invention are
described in terms of a Markush group or other grouping of
alternatives, the present invention encompasses not only the
entire group listed as a whole, but also each member of the
group individually and all possible subgroups of the main
group, and also the main group absent one or more of the
group members. The present invention also envisages the
explicit exclusion of one or more of any of the group members
in the claimed invention.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A. RSPO1 expression in tumors and normal tissues.
Shown is a summary of microarray data from normal, benign,
and malignant tissue human samples.

FIG. 1B. RSPO1 expression in tumors and normal tissues.
Shown is a summary of microarray data from normal, benign,
and malignant tissue human samples. Individual tick marks
indicate the expression level of RSPO1 mRNA.

FIG. 1C. RSPO2 expression in tumors and normal tissues.
Shown is a summary of microarray data from normal, benign,
and malignant tissue human samples.

FIG. 1D. RSPO2 expression in tumors and normal tissues.
Shown is a summary of microarray data from normal, benign,
and malignant tissue human samples. Individual tick marks
indicate the expression level of RSPO2 mRNA.

FIG. 1E. RSPO3 expression in tumors and normal tissues.
Shown is a summary of microarray data from normal, benign,
and malignant tissue human samples.

FIG. 1F. RSPO3 expression in tumors and normal tissues.
Shown is a summary of microarray data from normal, benign,
and malignant tissue human samples. Individual tick marks
indicate the expression level of RSPO3 mRNA.

FIG. 2. Binding studies of RSPO proteins and LGRS.
FACS analysis of HEK-293 cells expressing LGRS5. HEK-
293 cells were transiently transfected with a cDNA expres-
sion vector encoding FLAG-LGR5-CD4TM-GFP and then
subsequently mixed with soluble RSPO1-Fc, RSPO2-Fc,
RSPO3-Fc, or RSPO4-Fc fusion proteins. An anti-FLAG
antibody was used as a positive control, and soluble FZD8-Fc
was used as a negative control. Specific binding is indicated
by the presence of signal within the dark lined box overlay on
each FACS plot.

FIG. 3. Anti-RSPO3 antibodies inhibit 3-catenin signaling
induced by RSPO3 and WNT3A. A TOPflash luciferase
reporter assay was used to measure [-catenin signaling in
HEK-293 cells after exposure to a combination of WNT3a (5
ng/ml) and RSPO3 (10 ng/ml) and in the presence of increas-
ing concentrations of anti-RSPO3 antibodies (131R002 or
131R003). Antibodies were used as 4-fold serial dilutions
from 20 pg/ml to 0.02 pg/ml. Controls included exposure to
control medium (no WNT3aand no RSPO), WNT3a alone, or
a combination of WNT3a and RSPO3 in the absence of anti-
body.

FIG. 4. Affinity-matured 131R003 antibody variants
inhibit $-catenin signaling induced by RSPO3 and WNT3A.
A TOPflash luciferase reporter assay was used to measure
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p-catenin signaling in HEK-293 cells after exposure to a
combination of WNT3a and RSPO3 and in the presence of
increasing concentrations of anti-RSPO3 antibodies
(131R003 (-A-), 131R003CDR1 variant (-l-), or 131R003
CDR3 variant (-@-)). Antibodies were used as 5-fold serial
dilutions from 20 pg/ml to 0.006 ng/ml. Controls included
exposure to control medium (no WNT3a and no RSPO)/cells
only (-A-), a control antibody (-¥-), WNT3a alone (-#-),0or a
combination of WNT3a and RSPO3 in the absence of anti-
body (-[J-).

FIG. 5. Inhibition of tumor growth with anti-RSPO anti-
bodies. OV38 ovarian tumor cells were injected subcutane-
ously into NOD/SCID mice. Mice were treated with a com-
bination of anti-RSPO 1 antibody 89MS5 and anti-RSPO3
antibody 131R003 (-@-), taxol (-A-), a combination of anti-
RSPO1 antibody 89MS, anti-RSPO3 antibody 131R003, and
taxol (-¥-), or a control antibody (-W-). Data is shown as
tumor volume (mm?®) over days post-treatment.

FIG. 6. Inhibition of tumor growth with anti-RSPO anti-
bodies. OV38 ovarian tumor cells were injected subcutane-
ously into NOD/SCID mice. Mice were treated with a com-
bination of anti-RSPO1 antibody 89MS5 and anti-RSPO3
antibody 131R002 (- A-), a combination of anti-RSPO1 anti-
body 89MS5 and taxol (-O-), a combination of anti-RSPO3
antibody 131R002 and taxol (-[J-), a combination of anti-
RSPO1 antibody 89MS, anti-RSPO3 antibody 131R002, and
taxol (-A-), taxol alone (-¥-), or a control antibody (-H-).
Data is shown as tumor volume (mm?®) over days post-treat-
ment.

FIG. 7A. Inhibition of tumor growth with anti-RSPO3
antibodies. LU45 lung tumor cells were injected subcutane-
ously into NOD/SCID mice. Mice were treated with anti-
RSPO3 antibody 131R002 (-O-) or a control antibody (-H-).

FIG. 7B. Inhibition of tumor growth with anti-RSPO3
antibodies. LU2S5 lung tumor cells were injected subcutane-
ously into NOD/SCID mice. Mice were treated with anti-
RSPO3 antibody 131R002 (-O-) or a control antibody (-l-).
Data is shown as tumor volume (mm?®) over days post-treat-
ment.

FIG. 8. Affinity-matured antibody variants inhibit -cate-
nin signaling induced by RSPO3 and WNT3A. A TOPflash
luciferase reporter assay was used to measure f3-catenin sig-
naling in HEK-293T cells after exposure to a combination of
WNT3a and human RSPO3 and in the presence of increasing
concentrations of anti-RSPO3 antibody 131R002 (-A-),
131R006 (-@-), or 131R007 (-M-). Antibodies were used as
5-fold serial dilutions from 20 pg/ml to 0.0064 pg/ml. Con-
trols included exposure to control medium (no WNT3a and
no RSPO/cells (-O-)), WNT3a alone (-¥-), or acombination
of WNT3a and human RSPO3 in the absence of antibody
(-¢-).

FIG. 9. Inhibition of RSPO3 and LGRS interaction by
anti-RSPO3 antibodies. FACS analysis of HEK-293T cells
expressing LGRS. HEK-293T cells were transiently trans-
fected with a cDNA expression vector encoding the extracel-
Iular domain of human LGRS (FLAG-LGRS-CD4TM-GFP)
and then subsequently mixed with RSPO3-biotin fusion pro-
tein in combination with anti-RSPO3 antibodies 131R006 or
131R007. Binding was detected with PE-conjugated strepta-
vidin. Relative RSPO3-biotin binding is shown on the y-axis
and expression of the FLAG-LGR5-CD4TM-GFP fusion
protein is indicated on the x-axis. Positive binding is indicated
by the presence of signal within the dark lined box overlay on
each FACS plot.

FIG. 10. Inhibition of tumor growth with anti-RSPO anti-
bodies. NCI-H2030 cells were injected subcutaneously into
NOD/SCID mice. Mice were treated with anti-RSPO3 anti-
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body 131R002 (-@-), carboplatin alone (-A-), a combination
of anti-RSPO3 antibody 131R002 and carboplatin (-O-), ora
control antibody (-Ml-). Data is shown as tumor volume (mm?)
over days post-treatment.

FIG. 11A. Inhibition of tumor growth with anti-RSPO
antibodies. LU102 lung tumor cells were injected subcutane-
ously into NOD/SCID mice. Mice were treated with anti-
RSPO3 antibody 131R002 (-@-), carboplatin alone (-A-), a
combination of anti-RSPO3 antibody 131R002 and carbopl-
atin (-O-), or a control antibody (-M-). Data is shown as
tumor volume (mm?) over days post-treatment.

FIG. 11B. Gene set enrichment analysis results.

FIG. 12A. Inhibition of tumor growth with anti-RSPO
antibodies. PN35 pancreatic tumor cells were injected sub-
cutaneously into NOD/SCID mice. Mice were treated with
anti-RSPO3 antibody 131R002 (-@-), a combination of gem-
citabine and nab-paclitaxel (ABRAXANE) (-A-), a combina-
tion of anti-RSPO3 antibody 131R002 and gemcitabine and
nab-paclitaxel (ABRAXANE) (-O-), or a control antibody
(-W-). Data is shown as tumor volume (mm?) over days post-
treatment. All four treatment groups are shown.

FIG. 12B. Inhibition of tumor growth with anti-RSPO
antibodies. PN35 pancreatic tumor cells were injected sub-
cutaneously into NOD/SCID mice. Mice were treated with
anti-RSPO3 antibody 131R002 (-@-), a combination of gem-
citabine and nab-paclitaxel (ABRAXANE) (-A-), a combina-
tion of anti-RSPO3 antibody 131R002 and gemcitabine and
nab-paclitaxel (ABRAXANE) (-O-), or a control antibody
(-M-). Data is shown as tumor volume (mm?>) over days post-
treatment. The gemcitabine and nab-paclitaxel treatment
group and the anti-RSPO3 antibody gemcitabine and nab-
paclitaxel treatment are shown on an expanded scale.

FIG. 13. Inhibition of f-catenin signaling induced by
RSPO3 and WNT3A. A TOPflash luciferase reporter assay
was used to measure §-catenin signaling in HEK-293T cells
after exposure to a combination of WNT3a and human
RSPO3 and in the presence of increasing concentrations of
anti-RSPO3 antibody 131R007 (-[J-) or 131R010 (-@-).
Antibodies were used as 5-fold serial dilutions from 20 ng/ml
to 0.0064 pg/ml. Controls included exposure to control
medium (no WNT3a and no RSPO/cells (-A-)), WNT3a
alone (-¥-), or a combination of WNT3a and human RSPO3
in the absence of antibody (-#-).

FIG. 14. Inhibition of tumor growth with anti-RSPO anti-
bodies. LU25 NSCLC lung tumor cells were injected subcu-
taneously into NOD/SCID mice. Mice were treated with anti-
RSPO3 antibody 131R008 (-A-), paclitaxel alone (-O-), a
combination of anti-RSPO3 antibody 131R008 and pacli-
taxel (-@-), or a control antibody (-l-). Data is shown as
tumor volume (mm?>) over days post-treatment.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides novel agents, including, but
not limited to polypeptides such as antibodies, that bind
RSPO proteins, particularly human RSPO3. The RSPO3-
binding agents include, but are not limited to, antagonists of
[p-catenin signaling. The RSPO3-binding agents include, but
are not limited to, inhibitors of RSPO3 and LLGR protein
interactions. Related polypeptides and polynucleotides, com-
positions comprising the RSPO3-binding agents, and meth-
ods of making the RSPO3-binding agents are also provided.
Methods of using the novel RSPO3-binding agents, such as
methods of inhibiting tumor growth, methods of treating can-
cer, methods of modulating angiogenesis, methods of reduc-
ing the frequency of cancer stem cells in a tumor, methods of
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inhibiting §-catenin signaling, and/or methods of identifying
and/or selecting subjects for treatment, are further provided.

Monoclonal antibodies that specifically bind human
RSPO3 have been identified—monoclonal antibodies
131R002 and 131R003 (Example 3). Anti-RSPO3 antibodies
131R002 and 131R003 have binding affinities for human
RSPO3 of less than 10 nM (Example 3). Anti-RSPO3 anti-
bodies 131R002 and 131R003 inhibit RSPO3-induced
[p-catenin signaling (Example 4, FIG. 3). Affinity-matured
variants of 131R003 inhibit RSPO3-induced [-catenin sig-
naling and have greater activity than parental 131R003 (Ex-
ample 5, FIG. 4). Anti-RSPO3 antibodies inhibit tumor
growth as single agents, in combination with anti-RSPO1
antibodies, and in combination with one or more chemothera-
peutic agents (Examples 6,7, 11, 12 and 14; FIGS. 5-7,10-12
and 14). Humanized anti-RSPO3 antibodies h131R006 and
h131R007 are stronger inhibitors of -catenin activity than
antibody 131R002 (Example 8, FIG. 8). Anti-RSPO3 anti-
bodies h131R006 and h131R007 block binding of RSPO3 to
LGRS (Example 9, FIG. 9). Humanized anti-RSPO3 anti-
body h131R010isotype IgG1 inhibits f-catenin activity simi-
lar to the IgG2 isotype antibody h131R007 (Example 13,
FIG. 13).

1. Definitions

To facilitate an understanding of the present invention, a
number of terms and phrases are defined below.

The terms “antagonist” and “antagonistic” as used herein
refer to any molecule that partially or fully blocks, inhibits,
reduces, or neutralizes a biological activity of a target and/or
signaling pathway (e.g., the p-catenin signaling). The term
“antagonist” is used herein to include any molecule that par-
tially or fully blocks, inhibits, reduces, or neutralizes the
activity of a protein (e.g., a RSPO protein). Suitable antago-
nist molecules specifically include, but are not limited to,
antagonist antibodies or antibody fragments.

The terms “modulation” and “modulate” as used herein
refer to a change or an alteration in a biological activity.
Modulation includes, but is not limited to, stimulating or
inhibiting an activity. Modulation may be an increase or a
decrease in activity (e.g., a decrease in RSPO signaling; a
decrease in f§-catenin signaling), a change in binding charac-
teristics, or any other change in the biological, functional, or
immunological properties associated with the activity of a
protein, pathway, or other biological point of interest.

The term “antibody” as used herein refers to an immuno-
globulin molecule that recognizes and specifically binds a
target, such as a protein, polypeptide, peptide, carbohydrate,
polynucleotide, lipid, or combinations of the foregoing,
through at least one antigen-binding site within the variable
region(s) of the immunoglobulin molecule. As used herein,
the term encompasses intact polyclonal antibodies, intact
monoclonal antibodies, single chain antibodies, antibody
fragments (such as Fab, Fab', F(ab")2, and Fv fragments),
single chain Fv (scFv) antibodies, multispecific antibodies
such as bispecific antibodies, monospecific antibodies,
monovalent antibodies, chimeric antibodies, humanized anti-
bodies, human antibodies, fusion proteins comprising an anti-
gen-binding site of an antibody, and any other modified
immunoglobulin molecule comprising an antigen recogni-
tion site (i.e., antigen-binding site) as long as the antibodies
exhibit the desired biological activity. An antibody can be any
of'the five major classes of immunoglobulins: IgA, IgD, IgE,
IgG, and IgM, or subclasses (isotypes) thereof (e.g., 1gG1,
1gG2, 1gG3, 1gG4, 1gAl and IgA?2), based on the identity of
their heavy chain constant domains referred to as alpha, delta,
epsilon, gamma, and mu, respectively. The different classes
of immunoglobulins have different and well-known subunit
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structures and three-dimensional configurations. Antibodies
can be naked or conjugated to other molecules, including but
not limited to, toxins and radioisotopes.

The term “antibody fragment” refers to a portion of an
intact antibody and refers to the antigenic determining vari-
able regions of an intact antibody. Examples of antibody
fragments include, but are not limited to, Fab, Fab', F(ab')2,
and Fv fragments, linear antibodies, single chain antibodies,
and multispecific antibodies formed from antibody frag-
ments. “Antibody fragment” as used herein comprises an
antigen-binding site or epitope-binding site.

The term “variable region” of an antibody refers to the
variable region of an antibody light chain, or the variable
region of an antibody heavy chain, either alone or in combi-
nation. The variable regions of the heavy and light chains each
consist of four framework regions (FR) connected by three
complementarity determining regions (CDRs), also known as
“hypervariable regions”. The CDRs in each chain are held
together in close proximity by the framework regions and,
with the CDRs from the other chain, contribute to the forma-
tion of the antigen-binding site of the antibody. There are at
least two techniques for determining CDRs: (1) an approach
based on cross-species sequence variability (i.e., Kabatet al.,
1991, Sequences of Proteins of Immunological Interest, Sth
Edition, National Institutes of Health, Bethesda, Md.), and (2)
an approach based on crystallographic studies of antigen-
antibody complexes (Al-Lazikani et al., 1997, J. Mol. Biol.,
273:927-948). In addition, combinations of these two
approaches are sometimes used in the art to determine CDRs.

The term “monoclonal antibody™ as used herein refers to a
homogeneous antibody population involved in the highly
specific recognition and binding of a single antigenic deter-
minant or epitope. This is in contrast to polyclonal antibodies
that typically include a mixture of different antibodies
directed against a variety of different antigenic determinants.
The term “monoclonal antibody” encompasses both intact
and full-length monoclonal antibodies as well as antibody
fragments (e.g., Fab, Fab', F(ab")2, Fv), single chain (scFv)
antibodies, bispecific antibodies, fusion proteins comprising
an antibody portion, and any other modified immunoglobulin
molecule comprising an antigen recognition site (antigen-
binding site). Furthermore, “monoclonal antibody” refers to
such antibodies made by any number of techniques, including
but not limited to, hybridoma production, phage selection,
recombinant expression, and transgenic animals.

The term “humanized antibody” as used herein refers to
forms of non-human (e.g., murine) antibodies that are specific
immunoglobulin chains, chimeric immunoglobulins, or frag-
ments thereof that contain minimal non-human sequences.
Typically, humanized antibodies are human immunoglobu-
lins in which residues of the CDRs are replaced by residues
from the CDRs of a non-human species (e.g., mouse, rat,
rabbit, or hamster) that have the desired specificity, affinity,
and/or binding capability (Jones et al., 1986, Nature, 321:
522-525; Riechmann et al., 1988, Nature, 332:323-327; Ver-
hoeyen et al., 1988, Science, 239:1534-1536). In some
instances, the Fv framework region residues of a human
immunoglobulin are replaced with the corresponding resi-
dues in an antibody from a non-human species that has the
desired specificity, affinity, structural, and/or binding capa-
bility. The humanized antibody can be further modified by the
substitution of additional residues either in the Fv framework
region and/or within the replaced non-human residues to
refine and optimize antibody specificity, affinity, structural,
and/or binding capability. In general, the humanized antibody
will comprise substantially all of at least one, and typically
two or three of the CDRs that correspond to the non-human

10

15

20

25

30

35

40

45

50

55

60

65

16

immunoglobulin whereas all or substantially all of the frame-
work regions are those of a human immunoglobulin consen-
sus sequence. The humanized antibody can also comprise at
least a portion of an immunoglobulin constant region or
domain (Fc), typically that of a human immunoglobulin.
Examples of methods used to generate humanized antibodies
are described in, for example, U.S. Pat. No. 5,225,539.

The term “human antibody” as used herein refers to an
antibody produced by a human or an antibody having an
amino acid sequence corresponding to an antibody produced
by a human. A human antibody may be made using any of the
techniques known in the art. This definition of a human anti-
body specifically excludes a humanized antibody comprising
non-human CDRs.

The term “chimeric antibody” as used herein refers to an
antibody wherein the amino acid sequence of the immuno-
globulin molecule is derived from two or more species. Typi-
cally, the variable region of both light and heavy chains cor-
responds to the variable region of antibodies derived from one
species of mammal (e.g., mouse, rat, rabbit, etc.) with the
desired specificity, affinity, and/or binding capability, while
the constant regions correspond to sequences in antibodies
derived from another species (usually human).

The phrase “affinity-matured antibody” as used herein
refers to an antibody with one or more alterations in one or
more CDRs thereof that result in an improvement in the
affinity of the antibody for an antigen, compared to a parent
antibody that does not possess those alterations(s). The defi-
nition also includes alterations in non-CDR residues made in
conjunction with alterations to CDR residues. Preferred affin-
ity-matured antibodies will have nanomolar or even picomo-
lar affinities for the target antigen. Affinity-matured antibod-
ies are produced by procedures known in the art. For example,
Marks et al., 1992, Bio/Technology 10:779-783, describes
affinity maturation by VH and VL domain shuffling. Random
mutagenesis of CDR and/or framework residues is described
by Barbas et al., 1994, PNAS, 91:3809-3813; Schier et al.,
1995, Gene, 169:147-155; Yelton et al., 1995, J. Immunol.
155:1994-2004; Jackson et al., 1995, J. Immunol., 154:3310-
9; and Hawkins et al., 1992, J. Mol. Biol., 226:889-896.
Site-directed mutagenesis may also be used to obtain affinity-
matured antibodies.

The terms “epitope” and “antigenic determinant™ are used
interchangeably herein and refer to that portion of an antigen
capable of being recognized and specifically bound by a
particular antibody. When the antigen is a polypeptide,
epitopes can be formed both from contiguous amino acids
and noncontiguous amino acids juxtaposed by tertiary fold-
ing of a protein. Epitopes formed from contiguous amino
acids (also referred to as linear epitopes) are typically retained
upon protein denaturing, whereas epitopes formed by tertiary
folding (also referred to as conformational epitopes) are typi-
cally lost upon protein denaturing. An epitope typically
includes at least 3, and more usually, at least 5 or 8-10 amino
acids in a unique spatial conformation.

The terms “heteromultimeric molecule” or “heteromulti-
mer” or “heteromultimeric complex™ or “heteromultimeric
polypeptide” are used interchangeably herein to refer to a
molecule comprising at least a first polypeptide and a second
polypeptide, wherein the second polypeptide differs in amino
acid sequence from the first polypeptide by at least one amino
acid residue. The heteromultimeric molecule can comprise a
“heterodimer” formed by the first and second polypeptide or
can form higher order tertiary structures where additional
polypeptides are present.

The terms “selectively binds” or “specifically binds” mean
that a binding agent or an antibody reacts or associates more
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frequently, more rapidly, with greater duration, with greater
affinity, or with some combination of the above to the epitope,
protein or target molecule than with alternative substances,
including unrelated proteins. In certain embodiments “spe-
cifically binds” means, for instance, that an antibody binds a
protein with a K, of about 0.1 mM or less, but more usually
less than about 1 pM. In certain embodiments, “specifically
binds” means that an antibody binds a target at times with a
K, ofatleastabout 0.1 uM or less, at other times at least about
0.01 uM or less, and at other times at least about 1 nM or less.
Because of the sequence identity between homologous pro-
teins in different species, specific binding can include an
antibody that recognizes a protein in more than one species
(e.g., human RSPO3 and mouse RSPO3). Likewise, because
ofhomology within certain regions of polypeptide sequences
of different proteins, specific binding can include an antibody
(or other polypeptide or binding agent) that recognizes more
than one protein (e.g., human RSPO3 and human RSPO1). It
is understood that, in certain embodiments, an antibody or
binding moiety that specifically binds a first target may or
may not specifically bind a second target. As such, “specific
binding” does not necessarily require (although it can
include) exclusive binding, i.e. binding to a single target.
Thus, an antibody may, in certain embodiments, specifically
bind more than one target. In certain embodiments, multiple
targets may be bound by the same antigen-binding site on the
antibody. For example, an antibody may, in certain instances,
comprise two identical antigen-binding sites, each of which
specifically binds the same epitope on two or more proteins
(e.g., RSPO3 and RSPOL1). In certain alternative embodi-
ments, an antibody may be multispecific and comprise at least
two antigen-binding sites with differing specificities. By way
of non-limiting example, a bispecific antibody may comprise
one antigen-binding site that recognizes an epitope on one
protein (e.g., human RSPO3) and further comprise a second,
different antigen-binding site that recognizes a different
epitope on a second protein (e.g., human RSPO2). Generally,
but not necessarily, reference to binding means specific bind-
ing.

The terms “polypeptide” and “peptide” and “protein” are
used interchangeably herein and refer to polymers of amino
acids of any length. The polymer may be linear or branched,
it may comprise modified amino acids, and it may be inter-
rupted by non-amino acids. The terms also encompass an
amino acid polymer that has been modified naturally or by
intervention; for example, disulfide bond formation, glyco-
sylation, lipidation, acetylation, phosphorylation, or any
other manipulation or modification, such as conjugation with
alabeling component. Also included within the definition are,
for example, polypeptides containing one or more analogs of
an amino acid (including, for example, unnatural amino
acids), as well as other modifications known in the art. It is
understood that, because the polypeptides of this invention
may be based upon antibodies, in certain embodiments, the
polypeptides can occur as single chains or associated chains.

The terms “polynucleotide” and “nucleic acid” are used
interchangeably herein and refer to polymers of nucleotides
of any length, and include DNA and RNA. The nucleotides
can be deoxyribonucleotides, ribonucleotides, modified
nucleotides or bases, and/or their analogs, or any substrate
that can be incorporated into a polymer by DNA or RNA
polymerase.

“Conditions of high stringency” may be identified by those
that: (1) employ low ionic strength and high temperature for
washing, for example 15 mM NaCl/1.5 mM sodium citrate/
0.1% sodium dodecyl sulfate at 50° C.; (2) employ during
hybridization a denaturing agent, such as formamide, for
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example, 50% (v/v) formamide with 0.1% bovine serum
albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50 mM
sodium phosphate buffer at pH 6.5 in 5xSSC (0.75M NaCl,
75 mM sodium citrate) at42° C.; or (3) employ during hybrid-
ization 50% formamide in 5xSSC, 50 mM sodium phosphate
(pH 6.8), 0.1% sodium pyrophosphate, SxDenhardt’s solu-
tion, sonicated salmon sperm DNA (50 pg/ml), 0.1% SDS,
and 10% dextran sulfate at 42° C., with washes at 42° C. in
0.2xSSC and 50% formamide, followed by a high-stringency
wash consisting of 0.1xSSC containing EDTA at 55° C.

Theterms “identical” or percent “identity” in the context of
two or more nucleic acids or polypeptides, refer to two or
more sequences or subsequences that are the same or have a
specified percentage of nucleotides or amino acid residues
that are the same, when compared and aligned (introducing
gaps, if necessary) for maximum correspondence, not con-
sidering any conservative amino acid substitutions as part of
the sequence identity. The percent identity may be measured
using sequence comparison software or algorithms or by
visual inspection. Various algorithms and software that may
be used to obtain alignments of amino acid or nucleotide
sequences are well-known in the art. These include, but are
not limited to, BLAST, ALIGN, Megalign, BestFit, GCG
Wisconsin Package, and variations thereof. In some embodi-
ments, two nucleic acids or polypeptides of the invention are
substantially identical, meaning they have at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, and in
some embodiments at least 95%, 96%, 97%, 98%, 99%
nucleotide or amino acid residue identity, when compared
and aligned for maximum correspondence, as measured
using a sequence comparison algorithm or by visual inspec-
tion. In some embodiments, identity exists over aregion of the
sequences that is at least about 10, at least about 20, at least
about 40-60 residues, at least about 60-80 residues in length
or any integral value therebetween. In some embodiments,
identity exists over a longer region than 60-80 residues, such
as at least about 80-100 residues, and in some embodiments
the sequences are substantially identical over the full length
of the sequences being compared, such as the coding region
of a nucleotide sequence.

A “conservative amino acid substitution” is one in which
one amino acid residue is replaced with another amino acid
residue having a similar side chain. Families of amino acid
residues having similar side chains have been defined in the
art, including basic side chains (e.g., lysine, arginine, histi-
dine), acidic side chains (e.g., aspartic acid, glutamic acid),
uncharged polar side chains (e.g., glycine, asparagine,
glutamine, serine, threonine, tyrosine, cysteine), nonpolar
side chains (e.g., alanine, valine, leucine, isoleucine, proline,
phenylalanine, methionine, tryptophan), beta-branched side
chains (e.g., threonine, valine, isoleucine) and aromatic side
chains (e.g., tyrosine, phenylalanine, tryptophan, histidine).
For example, substitution of a phenylalanine for a tyrosine is
a conservative substitution. Preferably, conservative substi-
tutions in the sequences of the polypeptides and antibodies of
the invention do not abrogate the binding of the polypeptide
or antibody containing the amino acid sequence, to the anti-
gen(s), i.e., the one or more RSPO protein(s) to which the
polypeptide or antibody binds. Methods of identifying nucle-
otide and amino acid conservative substitutions which do not
eliminate antigen binding are well-known in the art.

The term “vector” as used herein means a construct, which
is capable of delivering, and usually expressing, one or more
gene(s) or sequence(s) of interest in a host cell. Examples of
vectors include, but are not limited to, viral vectors, naked
DNA or RNA expression vectors, plasmid, cosmid, or phage
vectors, DNA or RNA expression vectors associated with
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cationic condensing agents, and DNA or RNA expression
vectors encapsulated in liposomes.

A polypeptide, antibody, polynucleotide, vector, cell, or
composition which is “isolated” is a polypeptide, antibody,
polynucleotide, vector, cell, or composition which is in a form
not found in nature. Isolated polypeptides, antibodies, poly-
nucleotides, vectors, cells, or compositions include those
which have been purified to a degree that they are no longer in
a form in which they are found in nature. In some embodi-
ments, a polypeptide, antibody, polynucleotide, vector, cell,
or composition which is isolated is substantially pure.

The term “substantially pure” as used herein refers to mate-
rial which is at least 50% pure (i.e., free from contaminants),
at least 90% pure, at least 95% pure, at least 98% pure, or at
least 99% pure.

The terms “cancer” and “cancerous” as used herein refer to
or describe the physiological condition in mammals in which
a population of cells are characterized by unregulated cell
growth. Examples of cancer include, but are not limited to,
carcinoma, blastoma, sarcoma, and hematologic cancers such
as lymphoma and leukemia.

The terms “tumor” and “neoplasm” as used herein refer to
any mass of tissue that results from excessive cell growth or
proliferation, either benign (noncancerous) or malignant
(cancerous) including pre-cancerous lesions.

The term “metastasis™ as used herein refers to the process
by which a cancer spreads or transfers from the site of origin
to other regions of the body with the development of a similar
cancerous lesion at a new location. A “metastatic” or “metas-
tasizing” cell is one that loses adhesive contacts with neigh-
boring cells and migrates via the bloodstream or lymph from
the primary site of disease to invade neighboring body struc-
tures.

The terms “cancer stem cell” and “CSC” and “tumor stem
cell” and “tumor initiating cell” are used interchangeably
herein and refer to cells from a cancer or tumor that: (1) have
extensive proliferative capacity; 2) are capable of asymmetric
cell division to generate one or more types of differentiated
cell progeny wherein the differentiated cells have reduced
proliferative or developmental potential; and (3) are capable
of symmetric cell divisions for self-renewal or self-mainte-
nance. These properties confer on the cancer stem cells the
ability to form or establish a tumor or cancer upon serial
transplantation into an immunocompromised host (e.g., a
mouse) compared to the majority of tumor cells that fail to
form tumors. Cancer stem cells undergo self-renewal versus
differentiation in a chaotic manner to form rumors with
abnormal cell types that can change over time as mutations
occur.

The terms “cancer cell” and “tumor cell” refer to the total
population of cells derived from a cancer or tumor or pre-
cancerous lesion, including both non-tumorigenic cells,
which comprise the bulk of the cancer cell population, and
tumorigenic stem cells (cancer stem cells). As used herein,
the terms “cancer cell” or “tumor cell” will be modified by the
term “non-tumorigenic” when referring solely to those cells
lacking the capacity to renew and differentiate to distinguish
those tumor cells from cancer stem cells.

The term “tumorigenic” as used herein refers to the func-
tional features of a cancer stem cell including the properties of
self-renewal (giving rise to additional tumorigenic cancer
stem cells) and proliferation to generate all other tumor cells
(giving rise to differentiated and thus non-tumorigenic tumor
cells).

The term “tumorigenicity” as used herein refers to the
ability of a random sample of cells from the tumor to form
palpable tumors upon serial transplantation into immuno-
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compromised hosts (e.g., mice). This definition also includes
enriched and/or isolated populations of cancer stem cells that
form palpable tumors upon serial transplantation into immu-
nocompromised hosts (e.g., mice).

The term “subject” refers to any animal (e.g., a mammal),
including, but not limited to, humans, non-human primates,
canines, felines, rodents, and the like, which is to be the
recipient of a particular treatment. Typically, the terms “sub-
ject” and “patient” are used interchangeably herein in refer-
ence to a human subject.

Theterm “pharmaceutically acceptable” refers to a product
or compound approved (or approvable) by a regulatory
agency of the Federal government or a state government or
listed in the U.S. Pharmacopeia or other generally recognized
pharmacopeia for use in animals, including humans.

The terms “pharmaceutically acceptable excipient, carrier
or adjuvant” or “acceptable pharmaceutical carrier” refer to
an excipient, carrier or adjuvant that can be administered to a
subject, together with at least one binding agent (e.g., an
antibody) of the present disclosure, and which does not
destroy the activity of the binding agent. The excipient, car-
rier, or adjuvant should be non-toxic when administered with
a binding agent in doses sufficient to deliver a therapeutic
effect.

The terms “effective amount” or “therapeutically effective
amount” or “therapeutic effect” refer to an amount of a bind-
ing agent, an antibody, polypeptide, polynucleotide, small
organic molecule, or other drug effective to “treat” a disease
or disorder in a subject or mammal. In the case of cancer, the
therapeutically effective amount of a drug (e.g., an antibody)
has a therapeutic effect and as such can reduce the number of
cancer cells; decrease tumorigenicity, tumorigenic frequency
or tumorigenic capacity; reduce the number or frequency of
cancer stem cells; reduce the tumor size; reduce the cancer
cell population; inhibit and/or stop cancer cell infiltration into
peripheral organs including, for example, the spread of cancer
into soft tissue and bone; inhibit and/or stop tumor or cancer
cell metastasis; inhibit and/or stop tumor or cancer cell
growth; relieve to some extent one or more of the symptoms
associated with the cancer; reduce morbidity and mortality;
improve quality of life; or a combination of such effects. To
the extent the agent, for example an antibody, prevents growth
and/or kills existing cancer cells, it can be referred to as
cytostatic and/or cytotoxic.

The terms “treating” or “treatment” or “to treat” or “alle-
viating” or “to alleviate” refer to both 1) therapeutic measures
that cure, slow down, lessen symptoms of, and/or halt pro-
gression of a diagnosed pathologic condition or disorder and
2) prophylactic or preventative measures that prevent or slow
the development of a targeted pathologic condition or disor-
der. Thus those in need of treatment include those already
with the disorder; those prone to have the disorder; and those
in whom the disorder is to be prevented. In some embodi-
ments, a subject is successfully “treated” according to the
methods of the present invention if the patient shows one or
more of the following: a reduction in the number of or com-
plete absence of cancer cells; a reduction in the tumor size;
inhibition of or an absence of cancer cell infiltration into
peripheral organs including the spread of cancer cells into soft
tissue and bone; inhibition of or an absence of tumor or cancer
cell metastasis; inhibition or an absence of cancer growth;
relief of one or more symptoms associated with the specific
cancer; reduced morbidity and mortality; improvement in
quality of life; reduction in tumorigenicity; reduction in the
number or frequency of cancer stem cells; or some combina-
tion of effects.
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As used in the present disclosure and claims, the singular
forms “a”, “an” and “the” include plural forms unless the
context clearly dictates otherwise.

It is understood that wherever embodiments are described
herein with the language “comprising” otherwise analogous
embodiments described in terms of “consisting of” and/or
“consisting essentially of” are also provided. It is also under-
stood that wherever embodiments are described herein with
the language “consisting essentially of” otherwise analogous
embodiments described in terms of “consisting of” are also
provided.

The term “and/or” as used in a phrase such as “A and/or B”
herein is intended to include both A and B; A or B; A (alone);
and B (alone). Likewise, the term “and/or” as used in a phrase
such as “A, B, and/or C” is intended to encompass each of the
following embodiments: A, B, and C; A, B, or C; Aor C; A or
B; Bor C; A and C; A and B; B and C; A (alone); B (alone);
and C (alone).

II. RSPO-binding agents

The present invention provides agents that specifically
bind human RSPO proteins. These agents are referred to
herein as “RSPO-binding agents”. In some embodiments, the
RSPO-binding agent is an antibody. In some embodiments,
the RSPO-binding agent is a polypeptide. In certain embodi-
ments, the RSPO-binding agent binds RSPO3 (“RSPO3-
binding agents™). In certain embodiments, the RSPO3-bind-
ing agent specifically binds at least one other human RSPO.
In some embodiments, the at least one other human RSPO
bound by a RSPO3-binding agent is selected from the group
consisting of RSPO1, RSPO2, and RSPO4. In some embodi-
ments, the RSPO3-binding agent is an antibody that binds a
common epitope on RSPO1, RSPO2, and/or RSPO4. In some
embodiments, the RSPO3-binding agent is a bispecific anti-
body that binds a first epitope on RSPO3 and binds a second,
different epitope on RSPO1, RSPO2, and/or RSPO4. The
full-length amino acid (aa) sequences for human RSPO1,
RSPO2, RSPO3, and RSPO4 are known in the art and are
provided herein as SEQ ID NO:1 (RSPO1), SEQ ID NO:2
(RSP0O2), SEQ ID NO:3 (RSPO3), and SEQ ID NO:4
(RSPOA4).

In certain embodiments, the antigen-binding site of a
RSPO-binding agent (e.g., an antibody or a bispecific anti-
body) described herein is capable of binding (or binds) one,
two, three, or four RSPOs. In certain embodiments, the anti-
gen-binding site of a RSPO-binding agent (e.g., an antibody
or a bispecific antibody) described herein is capable of bind-
ing (or binds) RSPO3 as well as one, two, or three other
RSPOs. For example, in certain embodiments, the antigen-
binding site of a RSPO3-binding agent is capable of specifi-
cally binding RSPO3 as well as at least one other RSPO
selected from the group consisting of RSPO1, RSPO2, and
RSPOA4. In certain embodiments, the RSPO3-binding agent
specifically binds RSPO3 and RSPO1. In certain embodi-
ments, the RSPO3-binding agent specifically binds RSPO3
and RSPO2. In certain embodiments, the RSPO3-binding
agent specifically binds RSPO3 and RSPO4. In certain
embodiments, the RSPO3-binding agent specifically binds
RSPO3, RSPO1, and RSPO2. In certain embodiments, the
RSPO3-binding agent specifically binds RSPO3, RSPO1,
and RSPO4. In certain embodiments, the RSPO3-binding
agent specifically binds RSPO3, RSPO2, and RSPO4. In
some embodiments, the RSPO3-binding agent specifically
binds human RSPO3. In some embodiments, the RSPO3-
binding agent (e.g., antibody) specifically binds both human
RSPO3 and mouse RSPO3.

In certain embodiments, the agent-binding agent is an anti-
body that specifically binds within amino acids 22-272 of
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human RSPO3. In certain embodiments, the agent-binding
agent is an antibody that specifically binds within amino acids
22-207 of human RSPO3. In certain embodiments, the anti-
gen-binding agent is an antibody that specifically binds
within amino acids 35-135 of human RSPO3. In certain
embodiments, the antigen-binding agent is an antibody that
specifically binds within amino acids 35-86 of human
RSPO3. In certain embodiments, the antigen-binding agent is
an antibody that specifically binds within amino acids 92-135
of human RSPO3. In certain embodiments, the RSPO3-bind-
ing agent binds within SEQ ID NO:5. In certain embodi-
ments, the RSPO3-binding agent or antibody binds a furin-
like cysteine-rich domain of RSPO3. In some embodiments,
the agent or antibody binds at least one amino acid within a
furin-like cysteine-rich domain of RSPO3. In certain embodi-
ments, the RSPO3-binding agent or antibody binds within
sequence SEQ ID NO:6 or SEQ ID NO:7. In certain embodi-
ments, the RSPO3-binding agent or antibody binds within
sequence SEQ ID NO:6 and SEQ ID NO:7. In some embodi-
ments, the RSPO3-binding agent binds the thrombospondin
domain of RSPO3. In some embodiments, the RSPO3-bind-
ing agent or antibody binds at least one amino acid within the
thrombospondin domain of RSPO3. In some embodiments,
the RSPO3-binding agent or antibody binds within SEQ ID
NO:8.

In certain embodiments, the RSPO-binding agent or anti-
body binds at least one RSPO protein with a dissociation
constant (K,,) of about 1 pM or less, about 100 nM or less,
about 40 nM or less, about 20 nM or less, about 10 nM or less,
about 1 nM or less, or about 0.1 nM or less. In certain embodi-
ments, a RSPO3-binding agent or antibody binds RSPO3
with a dissociation constant (K ,,) of about 1 uM or less, about
100 nM or less, about 40 nM or less, about 20 nM or less,
about 10 uM or less, about 1 nM or less, or about 0.1 nM or
less. In some embodiments, a RSPO3-binding agent or anti-
body binds RSPO3 with a K, of about 20 nM or less. In some
embodiments, a RSPO3-binding agent or antibody binds
RSPO3 with a K, of about 10 nM or less. In some embodi-
ments, a RSPO3-binding agent or antibody binds RSPO3
with a K, of about 1 nM or less. In some embodiments, a
RSPO3-binding agent or antibody binds RSPO3 witha K, of
about 0.5 nM or less. In some embodiments, a RSPO3-bind-
ing agent or antibody binds RSPO3 with a K, ofabout0.1 nM
or less. In certain embodiments, a RSPO3-binding agent or
antibody described herein binds at least one other RSPO. In
certain embodiments, a RSPO3-binding agent or antibody
described herein that binds at least one other RSPO, binds at
least one other RSPO witha K, ofabout 100 nM or less, about
20nM orless, about 10 nM or less, about 1 nM or less or about
0.1 nM or less. For example, in some embodiments, a
RSPO3-binding agent or antibody also binds RSPOL1,
RSPO2, and/or RSPO4 with a K; of about 10 nM or less. In
some embodiments, the RSPO-binding agent binds both
human RSPO and mouse RSPO with a K, of about 10 nM or
less. In some embodiments, a RSPO3-binding agent binds
both human RSPO3 and mouse RSPO3 with a K, of about 1
nM or less. In some embodiments, a RSPO3-binding agent
binds both human RSPO3 and mouse RSPO3 with a K, of
about 0.1 nM or less. In some embodiments, the dissociation
constant of the binding agent (e.g., an antibody) to a RSPO3
protein is the dissociation constant determined using a
RSPO3 fusion protein comprising at least a portion of the
RSPO3 protein immobilized on a Biacore chip. In some
embodiments, the dissociation constant of the binding agent
(e.g., an antibody) to a RSPO3 protein is the dissociation
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constant determined using the binding agent captured by an
anti-human IgG antibody on a Biacore chip and a RSPO3
protein.

In some embodiments, the RSPO3-binding agent is a
bispecific antibody which comprises a first antigen-binding
site that specifically binds RSPO3 and a second antigen-
binding site that specifically binds a second target. In some
embodiments, a RSPO3-binding agent or antibody binds both
RSPO3 and the second target with a K, of about 100 nM or
less. In some embodiments, a RSPO3-binding agent or anti-
body binds both RSPO3 and the second target with a K, of
about 50nM or less. In some embodiments, a RSPO3-binding
agent or antibody binds both RSPO3 and the second target
with a K, of about 20 nM or less. In some embodiments, a
RSPO3-binding agent or antibody binds both RSPO3 and the
second target with a K, of about 10 nM or less. In some
embodiments, a RSPO3-binding agent or antibody binds both
RSPO3 and the second target with a K, of about 1 nM or less.
In some embodiments, the affinity of one of the antigen-
binding sites may be weaker than the affinity of the other
antigen-binding site. For example, the K, of one antigen
binding site may be about 1 nM and the K, of the second
antigen-binding site may be about 10 nM. In some embodi-
ments, the difference in affinity between the two antigen-
binding sites may be about 2-fold or more, about 3-fold or
more, about 5-fold or more, about 8-fold or more, about
10-fold or more, about 5-fold or more, about 20-fold or more,
about 30-fold or more, about 50-fold or more, or about 100-
fold or more. Modulation of the affinities of the two antigen-
binding sites may affect the biological activity of the bispe-
cific antibody. For example, decreasing the affinity of the
antigen-binding site for RSPO3 or the second target, may
have a desirable effect, for example decreased toxicity of the
binding agent and/or increased therapeutic index.

By way of non-limiting example, the bispecific antibody
may comprise (a) a first antigen-binding site that binds human
RSPO3 with a K, between about 0.1 nM and about 10 nM,
and (b) a second antigen-binding site that specifically binds a
second target (e.g., human RSPO2) with a K, between about
0.1 nM and about 20 nM, between about 0.5 nM and about 20
nM, or between about 1.0 nM and 10 nM.

In certain embodiments, the RSPO-binding agent (e.g., an
antibody) binds to at least one human RSPO protein with a
half maximal effective concentration (ECs,) of about 1 uM or
less, about 100 nM or less, about 40 nM or less, about 20 nM
or less, about 10 nM or less, about 1 nM or less, or about 0.1
nM or less. In certain embodiments, a RSPO3-binding agent
(e.g., an antibody) binds to human RSPO3 with a half maxi-
mal effective concentration (EC,,) of about IgM or less,
about 100 nM or less, about 40 nM or less, about 20 nM or
less, about 10 nM or less, about 1 nM or less, or about 0.1 nM
orless. In certain embodiments, a RSPO3-binding agent (e.g.,
an antibody) also binds to human RSPO1, RSPO2, and/or
RSPO4 with an EC;,, of about 40 nM or less, about 20 nM or
less, about 10 nM or less, about 1 nM or less or about 0.1 nM
or less.

In certain embodiments, the RSPO3-binding agent is an
antibody. In some embodiments, the antibody is a recombi-
nant antibody. In some embodiments, the antibody is a mono-
clonal antibody. In some embodiments, the antibody is a
chimeric antibody. In some embodiments, the antibody is a
humanized antibody. In some embodiments, the antibody is a
human antibody. In some embodiments, the antibody is an
IgA, IgD, IgE, 1gG, or IgM antibody. In certain embodiments,
the antibody is an IgG1 antibody. In certain embodiments, the
antibody is an IgG2 antibody. In certain embodiments, the
antibody is an antibody fragment comprising an antigen-
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binding site. In some embodiments, the antibody is a bispe-
cific antibody or a multispecific antibody. In some embodi-
ments, the antibody is a monovalent antibody. In some
embodiments, the antibody is a monospecific antibody. In
some embodiments, the antibody is a bivalent antibody. In
some embodiments, the antibody is conjugated to a cytotoxic
moiety. In some embodiments, the antibody is isolated. In
some embodiments, the antibody is substantially pure.

The RSPO3-binding agents (e.g., antibodies) of the present
invention can be assayed for specific binding by any method
known in the art. The immunoassays which can be used
include, but are not limited to, competitive and non-competi-
tive assay systems using techniques such as Biacore analysis,
FACS analysis, immunofluorescence, immunocytochemis-
try, Western blot analysis, radioimmunoassays, ELISA,
“sandwich” immunoassays, immunoprecipitation assays,
precipitation reactions, gel diffusion precipitin reactions,
immunodiffusion assays, agglutination assays, complement-
fixation assays, immunoradiometric assays, fluorescent
immunoassays, and protein A immunoassays. Such assays
are routine and well-known in the art (see, e.g., Ausubel et al.,
Editors, 1994-present, Current Protocols in Molecular Biol-
ogy, John Wiley & Sons, Inc., New York, N.Y.).

For example, the specific binding of an antibody to human
RSPO3 may be determined using ELISA. An ELISA assay
comprises preparing antigen, coating wells of a 96 well
microtiter plate with antigen, adding the RSPO3-binding
antibody or other RSPO3-binding agent conjugated to a
detectable compound such as an enzymatic substrate (e.g.
horseradish peroxidase or alkaline phosphatase) to the well,
incubating for a period of time and detecting the presence of
the antibody bound to the antigen. In some embodiments, the
RSPO3-binding antibody or agent is not conjugated to a
detectable compound, but instead a second conjugated anti-
body that recognizes the RSPO3-binding agent or antibody
(e.g., an anti-Fc antibody) and is conjugated to a detectable
compound is added to the well. In some embodiments,
instead of coating the well with the antigen, the RSPO3-
binding agent or antibody can be coated to the well and a
second antibody conjugated to a detectable compound can be
added following the addition of the antigen to the coated well.
One of skill in the art would be knowledgeable as to the
parameters that can be modified to increase the signal
detected as well as other variations of ELISAs known in the
art.

In another example, the specific binding of an antibody to
human RSPO3 may be determined using FACS. A FACS
screening assay may comprise generating a cDNA construct
that expresses an antigen as a fusion protein (e.g., RSPO3-Fc
or RSPO3-CD4TM), transfecting the construct into cells,
expressing the antigen on the surface of the cells, mixing the
RSPO3-binding agent with the transfected cells, and incubat-
ing for a period of time. The cells bound by the RSPO3-
binding agent may be identified using a secondary antibody
conjugated to a detectable compound (e.g., PE-conjugated
anti-Fc antibody) and a flow cytometer. One of skill in the art
would be knowledgeable as to the parameters that can be
modified to optimize the signal detected as well as other
variations of FACS that may enhance screening (e.g., screen-
ing for blocking antibodies).

The binding affinity of an antibody or other binding-agent
to an antigen (e.g., RSPO3) and the off-rate of an antibody-
antigen interaction can be determined by competitive binding
assays. One example of a competitive binding assay is a
radioimmunoassay comprising the incubation of labeled anti-
gen (e.g., *H or '*°]), or fragment or variant thereof, with the
antibody of interest in the presence of increasing amounts of
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unlabeled antigen followed by the detection of the antibody
bound to the labeled antigen. The affinity of the antibody for
the antigen and the binding off-rates can be determined from
the data by Scatchard plot analysis. In some embodiments,
Biacore kinetic analysis is used to determine the binding on
and off rates of antibodies or agents that bind an antigen (e.g.,
RSPO3). In some embodiments, Biacore kinetic analysis
comprises analyzing the binding and dissociation of antibod-
ies from chips with immobilized antigen (e.g., RSPO3) on
their surface. In some embodiments, Biacore kinetic analysis
comprises analyzing the binding and dissociation of antigen
(e.g., RSPO3) from chips with immobilized antibody (e.g.,
anti-RSPO3 antibody) on their surface.

In certain embodiments, the invention provides a RSPO3-
binding agent (e.g., an antibody) that specifically binds
human RSPO3, wherein the RSPO3-binding agent (e.g., an
antibody) comprises one, two, three, four, five, and/or six of
the CDRs of antibody 131R002, antibody 131R003, or the
humanized variants thereof, including h131R005/131R007,
h131R006A, h131R006B, h131R008, h131R010, or
h131R011 (see Table 1). In some embodiments, the RSPO3-
binding agent comprises one or more of the CDRs of
131R002, 131R003, or the humanized variants thereof,
including h131R005/131R007, h131R006A, h131R006B,
h131R008, h131R010, or h131R011; two or more of the
CDRs of 131R002, 131R003, or the humanized variants
thereof, including h131R005/131R007, h131R006A,
h131R006B, h131R008, h131R010, or h131R011; three or
more of the CDRs of 131R002, 131R003, or the humanized
variants thereof, including h131R005/131R007,
h131R006A, h131R006B, h131R008, h131R010, or
h131R011; four or more of the CDRs of 131R002, 131R003,
or the humanized variants thereof, including h131R005/
131R007, h131R006A, h131R006B, h131R008, h131R010,
or h131R011; five or more of the CDRs of 131R002,
131R003, or the humanized variants thereof, including
131R005/131R007,h131R006A, h131R006B, or h131R008,
h131R010, or h131R011; or all six of the CDRs of 131R002,
131R003, or the humanized variants thereof, including
h131R005/131R007, h131R006A, h131R006B, h131R008,
h131R010, or h131RO11.

TABLE 1

131R002/131R003 and Humanized Variants

HC CDR1 KASGYTFTDYS
KASGYTFTSYTF

DYSIH

(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO: 78)

9) or

34) or

HC CDR2 IYPSNGDS (SEQ ID NO: 10) or

YIYPSNGDSGYNQKFK (SEQ ID NO: 79)

HC CDR3 ATYFANYFDY
ATYFANNFDY

TYFANNFD

(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO: 80

11)
35)

or
or

LC CDR1 QSVDYDGDSYM (SEQ ID NO: 12)

KASQSVDYDGDSYMN (SEQ ID NO:

or
81)
LC

CDR2 or

82)

AAS (SEQ ID NO: 13)
AASNLES (SEQ ID NO:
LC

CDR3 QQSNEDPLT

QQSNEDPLTF

(SEQ ID NO:
(SEQ ID NO:

14)
83)

or

In certain embodiments, the invention provides a RSPO3-
binding agent (e.g., an antibody) that specifically binds
human RSPO3, wherein the RSPO3-binding agent comprises
a heavy chain CDR1 comprising KASGYTFTDYS (SEQ ID
NO:9), KASGYTFTSYTF (SEQ ID NO:34), or DYSIH
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(SEQ ID NO:78), a heavy chain CDR2 comprising
IYPSNGDS (SEQ ID NO:10) or YIYPSNGDSGYNQKFK
(SEQ ID NO:79), and a heavy chain CDR3 comprising ATY-
FANYFDY (SEQ ID NO:11), ATYFANNFDY (SEQ ID
NO:35), or TYFANNFD (SEQ ID NO:80). In some embodi-
ments, the RSPO3-binding agent further comprises a light
chain CDR1 comprising QSVDYDGDSYM (SEQ ID
NO:12) or KASQSVDYDGDSYMN (SEQ ID NO:81), a
light chain CDR2 comprising AAS (SEQ ID NO:13) or
AASNLES (SEQ ID NO:82), and a light chain CDR3 com-
prising QQSNEDPLT (SEQ ID NO:14) or QQSNEDPLTF
(SEQ ID NO:83). In some embodiments, the RSPO3-binding
agent comprises a light chain CDR1 comprising
QSVDYDGDSYM (SEQ ID NO:12) or KASQS-
VDYDGDSYMN (SEQID NO:81), alight chain CDR2 com-
prising AAS (SEQ ID NO:13) or AASNLES (SEQ ID
NO:82), and a light chain CDR3 comprising QQSNEDPLT
(SEQ ID NO:14) or QQSNEDPLTF (SEQ ID NO:83). In
certain embodiments, the RSPO3-binding agent comprises:
(a) aheavy chain CDR1 comprising KASGYTFTDYS (SEQ
ID NO:9), a heavy chain CDR2 comprising IYPSNGDS
(SEQ ID NO:10), and a heavy chain CDR3 comprising ATY-
FANYFDY (SEQ ID NO:11), and (b) a light chain CDR1
comprising QSVDYDGDSYM (SEQ ID NO:12), a light
chain CDR2 comprising AAS (SEQ ID NO:13), and a light
chain CDR3 comprising QQSNEDPLT (SEQ ID NO:14). In
certain embodiments, the RSPO3-binding agent comprises:
(a) aheavy chain CDR1 comprising KASGYTFTDYS (SEQ
ID NO:9), a heavy chain CDR2 comprising IYPSNGDS
(SEQ ID NO:10), and a heavy chain CDR3 comprising ATY-
FANNFDY (SEQ ID NO:35), and (b) a light chain CDR1
comprising QSVDYDGDSYM (SEQ ID NO:12), a light
chain CDR2 comprising AAS (SEQ ID NO:13), and a light
chain CDR3 comprising QQSNEDPLT (SEQ ID NO:14). In
certain embodiments, the RSPO3-binding agent comprises:
(a) a heavy chain CDR1 comprising KASGYTFTSYTF
(SEQ ID NO:34), a heavy chain CDR2 comprising
IYPSNGDS (SEQ ID NO:10), and a heavy chain CDR3
comprising ATYFANYFDY (SEQ ID NO:11), and (b) a light
chain CDR1 comprising QSVDYDGDSYM (SEQ ID
NO:12), a light chain CDR2 comprising AAS (SEQ ID
NO:13), and a light chain CDR3 comprising QQSNEDPLT
(SEQ ID NO:14). In certain embodiments, the RSPO3-bind-
ing agent comprises: (a) a heavy chain CDR1 comprising
KASGYTFTSYTF (SEQ ID NO:34), a heavy chain CDR2
comprising [YPSNGDS (SEQ ID NO:10), and a heavy chain
CDR3 comprising ATYFANNFDY (SEQ ID NO:35), and (b)
a light chain CDR1 comprising QSVDYDGDSYM (SEQ ID
NO:12), a light chain CDR2 comprising AAS (SEQ ID
NO:13), and a light chain CDR3 comprising QQSNEDPLT
(SEQ ID NO:14). In certain embodiments, the RSPO3-bind-
ing agent comprises: (a) a heavy chain CDR1 comprising
DYSIH (SEQ ID NO:78), a heavy chain CDR2 comprising
YIYPSNGDSGYNQKFK (SEQ ID NO:79), and a heavy
chain CDR3 comprising TYFANNFD (SEQ ID NO:80), and
(b) a light chain CDR1 comprising KASQS-
VDYDGDSYMN (SEQID NO:81), alight chain CDR2 com-
prising AASNLES (SEQ ID NO:82), and a light chain CDR3
comprising QQSNEDPLTF (SEQ ID NO:83). In certain
embodiments, the RSPO3-binding agent comprises: (a) a
heavy chain CDR1 comprising DYSIH (SEQ ID NO:78), a
heavy chain CDR2 comprising YIYPSNGDSGYNQKFK
(SEQ ID NO:79), and a heavy chain CDR3 comprising
TYFANNED (SEQ ID NO:80), and (b) a light chain CDR1
comprising KASQSVDYDGDSYMN (SEQ ID NO:81), a
light chain CDR2 comprising AASNLES (SEQ ID NO:82),
and a light chain CDR3 comprising QQSNEDPLT (SEQ ID
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NO:14). In certain embodiments, the RSPO3-binding agent
comprises: (a) a heavy chain CDR1 comprising KASGY'T-
FTDYS (SEQIDNO:9) or DYSIH (SEQ ID NO:78), a heavy
chain CDR2 comprising [YPSNGDS (SEQ ID NO:10),and a
heavy chain CDR3 comprising TYFANNFD (SEQ ID
NO:80), and (b) a light chain CDR1 comprising
QSVDYDGDSYM (SEQ ID NO:12), a light chain CDR2
comprising AAS (SEQ ID NO:13), and a light chain CDR3
comprising QQSNEDPLT (SEQ ID NO:14).

In certain embodiments, the invention provides a RSPO3-
binding agent (e.g., an antibody or bispecific antibody) that
specifically binds human RSPO3, wherein the RSPO3-bind-
ing agent comprises: (a) a heavy chain CDR1 comprising
KASGYTFTIDYS (SEQIDNO:9), KASGYTFTSYTF (SEQ
1D NO:34), DYSIH (SEQ ID NO:78), or a variant thereof
comprising 1, 2, 3, or 4 amino acid substitutions; (b) a heavy
chain CDR2 comprising IYPSNGDS (SEQ ID NO:10),
YIYPSNGDSGYNQKFK (SEQ ID NO:79), or a variant
thereof comprising 1, 2, 3, or 4 amino acid substitutions; (c)
a heavy chain CDR3 comprising ATYFANYFDY (SEQ ID
NO:11), ATYFANNFDY (SEQ ID NO:35), TYFANNFD
(SEQ ID NO:80), or a variant thereof comprising 1, 2, 3, or 4
amino acid substitutions; (d) a light chain CDR1 comprising
QSVDYDGDSYM (SEQ ID NO:12), KASQS-
VDYDGDSYMN (SEQID NO:81), or a variant thereof com-
prising 1, 2, 3, or 4 amino acid substitutions; (e) a light chain
CDR2 comprising AAS (SEQ ID NO:13), AASNLES (SEQ
1D NO:82), or a variant thereof comprising 1, 2, 3, or 4 amino
acid substitutions; and (f) a light chain CDR3 comprising
QQSNEDPLT (SEQ ID NO:14), QQSNEDPLTF (SEQ ID
NO:83), or a variant thereof comprising 1, 2, 3, or 4 amino
acid substitutions. In certain embodiments, the amino acid
substitutions are conservative substitutions. In some embodi-
ments, the substitutions are made as part of a germline
humanization process.

In certain embodiments, the invention provides a RSPO3-
binding agent (e.g., an antibody) that specifically binds
RSPO3, wherein the RSPO3-binding agent comprises a
heavy chain variable region having at least about 80%
sequence identity to SEQID NO:15, SEQID NO:16, SEQ ID
NO:36, SEQ ID NO:37, SEQ ID NO:44, SEQ ID NO:45, or
SEQ ID NO:62 and/or a light chain variable region having at
least 80% sequence identity to SEQ ID NO:17, SEQ ID
NO:72, or SEQ ID NO:86. In certain embodiments, the
RSPO3-binding agent comprises a heavy chain variable
region having at least about 85%, at least about 90%, at least
about 95%, at least about 97%, or at least about 99% sequence
identity to SEQ ID NO:15. In certain embodiments, the
RSPO3-binding agent comprises a heavy chain variable
region having at least about 85%, at least about 90%, at least
about 95%, at least about 97%, or at least about 99% sequence
identity to SEQ ID NO:16. In certain embodiments, the
RSPO3-binding agent comprises a heavy chain variable
region having at least about 85%, at least about 90%, at least
about 95%, at least about 97%, or at least about 99% sequence
identity to SEQ ID NO:36. In certain embodiments, the
RSPO3-binding agent comprises a heavy chain variable
region having at least about 85%, at least about 90%, at least
about 95%, at least about 97%, or at least about 99% sequence
identity to SEQ ID NO:37. In certain embodiments, the
RSPO3-binding agent comprises a heavy chain variable
region having at least about 85%, at least about 90%, at least
about 95%, at least about 97%, or at least about 99% sequence
identity to SEQ ID NO:44. In certain embodiments, the
RSPO3-binding agent comprises a heavy chain variable
region having at least about 85%, at least about 90%, at least
about 95%, at least about 97%, or at least about 99% sequence
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identity to SEQ ID NO:45. In certain embodiments, the
RSPO3-binding agent comprises a heavy chain variable
region having at least about 85%, at least about 90%, at least
about 95%, at least about 97%, or at least about 99% sequence
identity to SEQ ID NO:62. In certain embodiments, the
RSPO3-binding agent comprises a light chain variable region
having at least about 85%, at least about 90%, at least about
95%, at least about 97%, or at least about 99% sequence
identity to SEQ ID NO:17. In certain embodiments, the
RSPO3-binding agent comprises a light chain variable region
having at least about 85%, at least about 90%, at least about
95%, at least about 97%, or at least about 99% sequence
identity to SEQ ID NO:72. In certain embodiments, the
RSPO3-binding agent comprises a light chain variable region
having at least about 85%, at least about 90%, at least about
95%, at least about 97%, or at least about 99% sequence
identity to SEQ ID NO:86. In certain embodiments, the
RSPO3-binding agent comprises a heavy chain variable
region having at least about 95% sequence identity to SEQ ID
NO:15, SEQ ID NO:16, SEQ ID NO:36, SEQ ID NO:37,
SEQ ID NO:44, SEQ ID NO:45, or SEQ ID NO:62 and/or a
light chain variable region having at least about 95%
sequence identity to SEQ ID NO:17, SEQ ID NO:72, or SEQ
ID NO:86. In certain embodiments, the RSPO3-binding
agent comprises a heavy chain variable region comprising
SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:36, SEQ ID
NO:37, SEQ ID NO:44, SEQ ID NO:45, or SEQ ID NO:62,
and/or a light chain variable region comprising SEQ ID
NO:17, SEQ ID NO:72, or SEQ ID NO:86. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain variable region comprising SEQ ID NO:15, SEQ ID
NO:16, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:44,
SEQ ID NO:45, or SEQ ID NO:62 and a light chain variable
region comprising SEQ ID NO:17, SEQ ID NO:72, or SEQ
ID NO:86. In certain embodiments, the RSPO3-binding
agent comprises a heavy chain variable region consisting
essentially of SEQ ID NO:15, SEQ ID NO:16, SEQ ID
NO:36, SEQ ID NO:37, SEQ ID NO:44, SEQ ID NO:45, or
SEQ ID NO:62, and a light chain variable region consisting
essentially of SEQ ID NO:17, SEQ ID NO:72, or SEQ ID
NO:86. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain variable region consisting of SEQ ID
NO:15, SEQ ID NO:16, SEQ ID NO:36, SEQ ID NO:37,
SEQ ID NO:44, SEQ ID NO:45, or SEQ ID NO:62, and a
light chain variable region consisting of SEQ ID NO:17, SEQ
ID NO:72, or SEQ ID NO:86.

In certain embodiments, the RSPO3-binding agent com-
prises a heavy chain variable region comprising SEQ ID
NO:44 and a light chain variable region comprising SEQ 1D
NO:17. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain variable region comprising SEQ ID
NO:45 and a light chain variable region comprising SEQ 1D
NO:17. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain variable region comprising SEQ ID
NO:62 and a light chain variable region comprising SEQ 1D
NO:17. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain variable region consisting essen-
tially of SEQ ID NO:44 and a light chain variable region
consisting essentially of SEQ ID NO:17. In certain embodi-
ments, the RSPO3-binding agent comprises a heavy chain
variable region consisting essentially of SEQ ID NO:45 and a
light chain variable region consisting essentially of SEQ ID
NO:17. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain variable region consisting essen-
tially of SEQ ID NO:62 and a light chain variable region
consisting essentially of SEQ ID NO:17. In certain embodi-
ments, the RSPO3-binding agent comprises a heavy chain
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variable region consisting of SEQ ID NO:44 and a light chain
variable region consisting of SEQ ID NO:17. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain variable region consisting of SEQ ID NO:45 and a light
chain variable region consisting of SEQ ID NO:17. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain variable region consisting of SEQ ID NO:62 and a light
chain variable region consisting of SEQ ID NO:17.

In certain embodiments, the RSPO3-binding agent com-
prises a heavy chain variable region comprising SEQ ID
NO:44 and a light chain variable region comprising SEQ ID
NO:72. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain variable region comprising SEQ ID
NO:45 and a light chain variable region comprising SEQ ID
NO:72. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain variable region comprising SEQ ID
NO:62 and a light chain variable region comprising SEQ ID
NO:72. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain variable region consisting essen-
tially of SEQ ID NO:44 and a light chain variable region
consisting essentially of SEQ ID NO:72. In certain embodi-
ments, the RSPO3-binding agent comprises a heavy chain
variable region consisting essentially of SEQ ID NO:45 and a
light chain variable region consisting essentially of SEQ ID
NO:72. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain variable region consisting essen-
tially of SEQ ID NO:62 and a light chain variable region
consisting essentially of SEQ ID NO:72. In certain embodi-
ments, the RSPO3-binding agent comprises a heavy chain
variable region consisting of SEQ ID NO:44 and a light chain
variable region consisting of SEQ ID NO:72. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain variable region consisting of SEQ ID NO:45 and a light
chain variable region consisting of SEQ ID NO:72. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain variable region consisting of SEQ ID NO:62 and a light
chain variable region consisting of SEQ ID NO:72.

In certain embodiments, the RSPO3-binding agent com-
prises a heavy chain variable region comprising SEQ ID
NO:44 and a light chain variable region comprising SEQ ID
NO:86. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain variable region comprising SEQ ID
NO:45 and a light chain variable region comprising SEQ ID
NO:86. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain variable region comprising SEQ ID
NO:62 and a light chain variable region comprising SEQ ID
NO:86. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain variable region consisting essen-
tially of SEQ ID NO:44 and a light chain variable region
consisting essentially of SEQ ID NO:86. In certain embodi-
ments, the RSPO3-binding agent comprises a heavy chain
variable region consisting essentially of SEQ ID NO:45 and a
light chain variable region consisting essentially of SEQ ID
NO:86. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain variable region consisting essen-
tially of SEQ ID NO:62 and a light chain variable region
consisting essentially of SEQ ID NO:86. In certain embodi-
ments, the RSPO3-binding agent comprises a heavy chain
variable region consisting of SEQ ID NO:44 and a light chain
variable region consisting of SEQ ID NO:86. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain variable region consisting of SEQ ID NO:45 and a light
chain variable region consisting of SEQ ID NO:86. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain variable region consisting of SEQ ID NO:62 and a light
chain variable region consisting of SEQ ID NO:86.
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In certain embodiments, the invention provides a RSPO3-
binding agent (e.g., an antibody) that specifically binds
RSPO3, wherein the RSPO3-binding agent comprises: (a) a
heavy chain having at least 90% sequence identity to SEQ ID
NO:27, SEQ ID NO:28, SEQ ID NO:39, SEQ ID NO:42,
SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:64, or SEQ ID
NO:69; and/or (b) a light chain having at least 90% sequence
identity to SEQ ID NO:29, SEQ ID NO:74, or SEQ ID
NO:88. In some embodiments, the RSPO3-binding agent
comprises: (a) a heavy chain having at least 95% sequence
identity to SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:39,
SEQ ID NO:42, SEQ 1D NO:48, SEQ ID NO:49, SEQ 1D
NO:64, or SEQ ID NO:69; and/or (b) a light chain having at
least 95% sequence identity to SEQ ID NO:29, SEQ ID
NO:74, or SEQ ID NO:88. In some embodiments, the
RSPO3-binding agent comprises a heavy chain comprising
SEQ ID NO:27 and/or a light chain comprising SEQ 1D
NO:29. In some embodiments, the RSPO3-binding agent
comprises a heavy chain comprising SEQ ID NO:28 and/or a
light chain comprising SEQ ID NO:29. In some embodi-
ments, the RSPO3-binding agent comprises a heavy chain
comprising SEQ ID NO:39 and/or a light chain comprising
SEQ ID NO:29. In some embodiments, the RSPO3-binding
agent comprises a heavy chain comprising SEQ ID NO:42
and/or a light chain comprising SEQ ID NO:29. In some
embodiments, the RSPO3-binding agent comprises a heavy
chain comprising SEQ ID NO:48 and/or a light chain com-
prising SEQ ID NO:29. In some embodiments, the RSPO3-
binding agent comprises a heavy chain comprising SEQ 1D
NO:49 and/or a light chain comprising SEQ ID NO:29. In
some embodiments, the RSPO3-binding agent comprises a
heavy chain comprising SEQ ID NO:64 and/or a light chain
comprising SEQ ID NO:29. In some embodiments, the
RSPO3-binding agent comprises a heavy chain comprising
SEQ ID NO:69 and/or a light chain comprising SEQ ID
NO:29. In some embodiments, the RSPO3-binding agent
comprises a heavy chain comprising SEQ ID NO:48 and/or a
light chain comprising SEQ ID NO:88. In some embodi-
ments, the RSPO3-binding agent comprises a heavy chain
comprising SEQ ID NO:49 and/or a light chain comprising
SEQ ID NO:88. In some embodiments, the RSPO3-binding
agent comprises a heavy chain comprising SEQ ID NO:64
and/or a light chain comprising SEQ ID NO:88. In some
embodiments, the RSPO3-binding agent comprises a heavy
chain comprising SEQ ID NO:69 and/or a light chain com-
prising SEQ ID NO:88. In some embodiments, the RSPO3-
binding agent comprises a heavy chain consisting essentially
of SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:39, SEQ ID
NO:42, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:64, or
SEQ ID NO:69; and a light chain consisting essentially of
SEQ ID NO:29. In some embodiments, the RSPO3-binding
agent comprises a heavy chain consisting of SEQ ID NO:28,
SEQ ID NO:28, SEQ ID NO:39, SEQ ID NO:42, SEQ 1D
NO:48, SEQ ID NO:49, SEQ ID NO:64, or SEQ ID NO:69
and a light chain consisting of SEQ ID NO:29. In some
embodiments, the RSPO3-binding agent comprises a heavy
chain consisting of SEQ ID NO:28, SEQ ID NO:28, SEQ ID
NO:39, SEQ ID NO:42, SEQ ID NO:48, SEQ ID NO:49,
SEQ ID NO:64, or SEQ ID NO:69 and a light chain consist-
ing of SEQ ID NO:88. In some embodiments, the RSPO3-
binding agent comprises a heavy chain comprising SEQ 1D
NO:27 and/or a light chain comprising SEQ ID NO:74. In
some embodiments, the RSPO3-binding agent comprises a
heavy chain comprising SEQ ID NO:28 and/or a light chain
comprising SEQ ID NO:74. In some embodiments, the
RSPO3-binding agent comprises a heavy chain comprising
SEQ ID NO:39 and/or a light chain comprising SEQ 1D
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NO:74. In some embodiments, the RSPO3-binding agent
comprises a heavy chain comprising SEQ ID NO:42 and/or a
light chain comprising SEQ ID NO:74. In some embodi-
ments, the RSPO3-binding agent comprises a heavy chain
comprising SEQ ID NO:48 and/or a light chain comprising
SEQ ID NO:74. In some embodiments, the RSPO3-binding
agent comprises a heavy chain comprising SEQ 1D NO:49
and/or a light chain comprising SEQ ID NO:74. In some
embodiments, the RSPO3-binding agent comprises a heavy
chain comprising SEQ ID NO:64 and/or a light chain com-
prising SEQ ID NO:74. In some embodiments, the RSPO3-
binding agent comprises a heavy chain comprising SEQ 1D
NO:69 and/or a light chain comprising SEQ ID NO:74. In
some embodiments, the RSPO3-binding agent comprises a
heavy chain comprising SEQ ID NO:48 and/or a light chain
comprising SEQ ID NO:88. In some embodiments, the
RSPO3-binding agent comprises a heavy chain comprising
SEQ ID NO:49 and/or a light chain comprising SEQ 1D
NO:88. In some embodiments, the RSPO3-binding agent
comprises a heavy chain comprising SEQ ID NO:64 and/or a
light chain comprising SEQ ID NO:88. In some embodi-
ments, the RSPO3-binding agent comprises a heavy chain
comprising SEQ ID NO:69 and/or a light chain comprising
SEQ ID NO:88. In some embodiments, the RSPO3-binding
agent comprises a heavy chain consisting essentially of SEQ
ID NO:27, SEQ ID NO:28, SEQ ID NO:39, SEQ ID NO:42,
SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:64, or SEQ ID
NO:69; and a light chain consisting essentially of SEQ ID
NO:74. In some embodiments, the RSPO3-binding agent
comprises a heavy chain consisting of SEQ ID NO:27, SEQ
ID NO:28, SEQ ID NO:39, SEQ ID NO:42, SEQ ID NO:48,
SEQIDNO:49, SEQID NO:64, or SEQID NO:69 and a light
chain consisting of SEQ ID NO:74. In some embodiments,
the RSPO3-binding agent comprises a heavy chain consisting
essentially of SEQ ID NO:48, SEQ ID NO:49, SEQ ID
NO:64, or SEQ ID NO:69; and a light chain consisting essen-
tially of SEQ ID NO:88. In some embodiments, the RSPO3-
binding agent comprises a heavy chain consisting of SEQ ID
NO:48, SEQ ID NO:49, SEQ ID NO:64, or SEQ ID NO:69
and a light chain consisting of SEQ ID NO:88.

In certain embodiments, the RSPO3-binding agent com-
prises a heavy chain comprising SEQ ID NO:48 and a light
chain comprising SEQ ID NO:29. In certain embodiments,
the RSPO3-binding agent comprises a heavy chain compris-
ing SEQ ID NO:49 and a light chain variable region compris-
ing SEQ ID NO:29. In certain embodiments, the RSPO3-
binding agent comprises a heavy chain comprising SEQ 1D
NO:64 and a light chain variable region comprising SEQ ID
NO:29. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain comprising SEQ ID NO:69 and a
light chain variable region comprising SEQ ID NO:29. In
certain embodiments, the RSPO3-binding agent comprises a
heavy chain consisting essentially of SEQ ID NO:48 and a
light chain consisting essentially of SEQ ID NO:29. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain consisting essentially of SEQ ID NO:49 and a light
chain consisting essentially of SEQ ID NO:29. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain consisting essentially of SEQ ID NO:64 and a light
chain consisting essentially of SEQ ID NO:29. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain consisting essentially of SEQ ID NO:69 and a light
chain consisting essentially of SEQ ID NO:29. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain consisting of SEQ ID NO:48 and a light chain consist-
ing of SEQ ID NO:29. In certain embodiments, the RSPO3-
binding agent comprises a heavy chain consisting of SEQ ID

10

15

20

25

30

35

40

45

50

55

60

65

32

NO:49 and a light chain consisting of SEQ 1D NO:29. In
certain embodiments, the RSPO3-binding agent comprises a
heavy chain consisting of SEQ ID NO:64 and a light chain
consisting of SEQ ID NO:29. In certain embodiments, the
RSPO3-binding agent comprises a heavy chain consisting of
SEQ ID NO:69 and a light chain consisting of SEQ ID
NO:29.

In certain embodiments, the RSPO3-binding agent com-
prises a heavy chain comprising SEQ ID NO:48 and a light
chain comprising SEQ ID NO:74. In certain embodiments,
the RSPO3-binding agent comprises a heavy chain compris-
ing SEQ ID NO:49 and a light chain variable region compris-
ing SEQ ID NO:74. In certain embodiments, the RSPO3-
binding agent comprises a heavy chain comprising SEQ 1D
NO:64 and a light chain variable region comprising SEQ 1D
NO:74. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain comprising SEQ ID NO:69 and a
light chain variable region comprising SEQ ID NO:74. In
certain embodiments, the RSPO3-binding agent comprises a
heavy chain consisting essentially of SEQ ID NO:48 and a
light chain consisting essentially of SEQ ID NO:74. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain consisting essentially of SEQ ID NO:49 and a light
chain consisting essentially of SEQ ID NO:74. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain consisting essentially of SEQ ID NO:64 and a light
chain consisting essentially of SEQ ID NO:74. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain consisting essentially of SEQ ID NO:69 and a light
chain consisting essentially of SEQ ID NO:74. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain consisting of SEQ ID NO:48 and a light chain consist-
ing of SEQ ID NO:74. In certain embodiments, the RSPO3-
binding agent comprises a heavy chain consisting of SEQ ID
NO:49 and a light chain consisting of SEQ ID NO:74. In
certain embodiments, the RSPO3-binding agent comprises a
heavy chain consisting of SEQ ID NO:64 and a light chain
consisting of SEQ ID NO:74. In certain embodiments, the
RSPO3-binding agent comprises a heavy chain consisting of
SEQ ID NO:69 and a light chain consisting of SEQ ID
NO:74.

In certain embodiments, the RSPO3-binding agent com-
prises a heavy chain comprising SEQ ID NO:48 and a light
chain comprising SEQ ID NO:88. In certain embodiments,
the RSPO3-binding agent comprises a heavy chain compris-
ing SEQ ID NO:49 and a light chain variable region compris-
ing SEQ ID NO:88. In certain embodiments, the RSPO3-
binding agent comprises a heavy chain comprising SEQ 1D
NO:64 and a light chain variable region comprising SEQ 1D
NO:88. In certain embodiments, the RSPO3-binding agent
comprises a heavy chain comprising SEQ ID NO:69 and a
light chain variable region comprising SEQ ID NO:88. In
certain embodiments, the RSPO3-binding agent comprises a
heavy chain consisting essentially of SEQ ID NO:48 and a
light chain consisting essentially of SEQ ID NO:88. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain consisting essentially of SEQ ID NO:49 and a light
chain consisting essentially of SEQ ID NO:88. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain consisting essentially of SEQ ID NO:64 and a light
chain consisting essentially of SEQ ID NO:88. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain consisting essentially of SEQ ID NO:69 and a light
chain consisting essentially of SEQ ID NO:88. In certain
embodiments, the RSPO3-binding agent comprises a heavy
chain consisting of SEQ ID NO:48 and a light chain consist-
ing of SEQ ID NO:88. In certain embodiments, the RSPO3-
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binding agent comprises a heavy chain consisting of SEQ ID
NO:49 and a light chain consisting of SEQ ID NO:88. In
certain embodiments, the RSPO3-binding agent comprises a
heavy chain consisting of SEQ ID NO:64 and a light chain
consisting of SEQ ID NO:88. In certain embodiments, the
RSPO3-binding agent comprises a heavy chain consisting of
SEQ ID NO:69 and a light chain consisting of SEQ ID
NO:88.

In certain embodiments, a RSPO3-binding agent com-
prises the heavy chain variable region and light chain variable
region of the 131R002 antibody. In certain embodiments, a
RSPO3-binding agent comprises the heavy chain and light
chain of the 131R002 antibody (with or without the leader
sequence). In certain embodiments, a RSPO3-binding agent
is the 131R002 antibody. In certain embodiments, a RSPO3-
binding agent comprises the heavy chain variable region and/
or light chain variable region of the 131R002 antibody in a
chimeric form of the antibody. In certain embodiments, a
RSPO3-binding agent comprises the heavy chain variable
region and/or light chain variable region of the 131R002
antibody in a humanized form of the antibody. In certain
embodiments, a RSPO3-binding agent comprises the heavy
chain CDRs and/or light chain CDRs of the 131R002 anti-
body in a humanized form of the antibody. In some embodi-
ments, the humanized version of 131R002 is an IgG1 anti-
body. In some embodiments, the humanized version of
131R002 is an IgG2 antibody.

In certain embodiments, a RSPO3-binding agent com-
prises, consists essentially of, or consists of, the antibody
131R002.

In certain embodiments, a RSPO3-binding agent com-
prises the heavy chain variable region and light chain variable
region of the 131R003 antibody. In some embodiments, the
RSPO3-binding agent comprises the heavy chain variable
region of the 131R003 antibody wherein the heavy chain
variable region from 131R003 has been affinity-matured. In
some embodiments, the RSPO3-binding agent comprises the
heavy chain variable region of the 131R003 antibody wherein
the heavy chain variable region comprises at least one modi-
fied or altered CDR as compared to the parent 131R003
antibody. In some embodiments, the RSPO-binding agent
comprises the heavy chain variable region of the 131R003
antibody wherein the heavy chain variable region comprises
a modified CDR1 as compared to the parent 131R003 anti-
body. In some embodiments, the RSPO-binding agent com-
prises the heavy chain variable region of the 131R003 anti-
body wherein the heavy chain variable region comprises a
modified CDR2 as compared to the parent 131R003 antibody.
In some embodiments, the RSPO-binding agent comprises
the heavy chain variable region of the 131R003 antibody
wherein the heavy chain variable region comprises a modified
CDR3 as compared to the parent 131R003 antibody. In some
embodiments, the RSPO-binding agent comprises the heavy
chain variable region of the 131R003 antibody wherein the
heavy chain variable region comprises a modified CDR1 and
CDR3 as compared to the parent 131R003 antibody. In cer-
tain embodiments, a RSPO3-binding agent comprises the
heavy chain and light chain of the 131R003 antibody (with or
without the leader sequence). In certain embodiments, a
RSPO3-binding agent is the 131R003 antibody. In certain
embodiments, a RSPO3-binding agent is a variant of the
131R003 antibody that comprises a different heavy chain
CDR1 as compared to the parent 131R003 antibody. In cer-
tain embodiments, a RSPO3-binding agent is a variant of the
131R003 antibody that comprises a different heavy chain
CDR3 as compared to the parent 131R003 antibody. In cer-
tain embodiments, a RSPO3-binding agent is a variant of the
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131R003 antibody that comprises a different heavy chain
CDR1 and a different heavy chain CDR3 as compared to the
parent 131R003 antibody. In certain embodiments, a RSPO3-
binding agent comprises the heavy chain variable region and/
or light chain variable region of the 131R003 antibody or of
any of the variants of 131R003 in a chimeric form of the
antibody. In certain embodiments, a RSPO3-binding agent
comprises the heavy chain variable region and/or light chain
variable region of the 131R003 antibody or of any of the
variants of 131R003 in a humanized form of the antibody. In
certain embodiments, a RSPO3-binding agent comprises the
heavy chain CDRs and/or light chain CDRs of the 131R003
antibody or of any of the variants of 131R003 in a humanized
form of the antibody. In some embodiments, the humanized
version of 131R003 or of 131R003 variants is an IgG1 anti-
body. In some embodiments, the humanized version of
131R003 or of 131R003 variants is an IgG2 antibody.

In certain embodiments, a RSPO3-binding agent com-
prises, consists essentially of, or consists of, the antibody
131R003. In certain embodiments, a RSPO3-binding agent
comprises, consists essentially of, or consists of, a variant of
the antibody 131R003.

In certain embodiments, a RSPO3-binding agent com-
prises the heavy chain variable region and light chain variable
region of the 131R006B antibody. In certain embodiments, a
RSPO3-binding agent comprises the heavy chain and light
chain of the 131R006B antibody (with or without the leader
sequence). In certain embodiments, a RSPO3-binding agent
is the 131R006B antibody. In certain embodiments, a
RSPO3-binding agent comprises the heavy chain variable
region and/or light chain variable region of the 131R006B
antibody in a chimeric form of the antibody. In certain
embodiments, a RSPO3-binding agent comprises the heavy
chain variable region and/or light chain variable region of the
131R006B antibody in a humanized form of the antibody. In
certain embodiments, a RSPO3-binding agent comprises the
heavy chain CDRs and/or light chain CDRs of the 131R006B
antibody in a humanized form of the antibody. In some
embodiments, the humanized version of 131R006B is an
IgG1 antibody. In some embodiments, the humanized version
of 131R006B is an IgG2 antibody.

In certain embodiments, a RSPO3-binding agent com-
prises, consists essentially of, or consists of, the antibody
131R006B. In certain embodiments, a RSPO3-binding agent
comprises, consists essentially of, or consists of, a variant of
the antibody 131R006B.

In certain embodiments, a RSPO3-binding agent com-
prises the heavy chain variable region and light chain variable
region of the 131R005/131R007 antibody. In certain embodi-
ments, a RSPO3-binding agent comprises the heavy chain
and light chain of the 131R005/131R007 antibody (with or
without the leader sequence). In certain embodiments, a
RSPO3-binding agent is the 131R005/131R007 antibody. In
certain embodiments, a RSPO3-binding agent comprises the
heavy chain variable region and/or light chain variable region
of'the 131R005/131R007 antibody in a chimeric form of the
antibody. In certain embodiments, a RSPO3-binding agent
comprises the heavy chain variable region and/or light chain
variable region of the 131R005/131R007 antibody in a
humanized form of the antibody. In certain embodiments, a
RSPO3-binding agent comprises the heavy chain CDRs and/
or light chain CDRs of the 131R005/131R007 antibody in a
humanized form of the antibody. In some embodiments, the
humanized version of 131R005/131R007 is an IgG1 anti-
body. In some embodiments, the humanized version of
131R005/131R007 is an IgGG2 antibody. In some embodi-
ments, the anti-RSPO3 antibody is 131R008.
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In certain embodiments, a RSPO3-binding agent com-
prises, consists essentially of, or consists of, the antibody
131R005/131R007. In certain embodiments, a RSPO3-bind-
ing agent comprises, consists essentially of, or consists of, a
variant of the antibody 131R005/131R007.

In certain embodiments, a RSPO3-binding agent com-
prises, consists essentially of, or consists of, the antibody
131R008. In certain embodiments, a RSPO3-binding agent
comprises, consists essentially of, or consists of, a variant of
the antibody 131R008.

In certain embodiments, a RSPO3-binding agent com-
prises the heavy chain variable region and light chain variable
region of the h131R010 or h131R0011 antibody. In certain
embodiments, a RSPO3-binding agent comprises the heavy
chain and light chain of the h131R010 or 131R011 antibody
(with or without the leader sequence). In certain embodi-
ments, a RSPO3-binding agent is the h131R010 antibody. In
certain embodiments, a RSPO3-binding agent is the
h131R011 antibody. In certain embodiments, a RSPO3-bind-
ing agent comprises the heavy chain variable region and/or
light chain variable region of the h131R010 or h131R011
antibody in a chimeric form of the antibody. In certain
embodiments, a RSPO3-binding agent comprises the heavy
chain CDRs and/or light chain CDRs of the h131R010 or
h131R011 antibody. In some embodiments, the anti-RSPO3
antibody is h131R010. In some embodiments, the anti-
RSPO3 antibody is h131R011.

In some embodiments, the RSPO3-binding agent com-
prises a heavy chain variable region encoded by the plasmid
deposited with American Type Culture Collection (ATCC),
and designated PTA-120420. In some embodiments, the
RSPO3-binding agent comprises a light chain variable region
encoded by the plasmid deposited with ATCC and designated
PTA-120421. In some embodiments, the RSPO3-binding
agent comprises a heavy chain variable region encoded by the
plasmid deposited with ATCC and designated PTA-120420,
and a light chain variable region encoded by the plasmid
deposited with ATCC and designated PTA-120421. In some
embodiments, the RSPO3-binding agent comprises a heavy
chain encoded by the plasmid deposited with ATCC and
designated PTA-120420. In some embodiments, the RSPO3-
binding agent comprises a light chain encoded by the plasmid
deposited with ATCC and designated PTA-120421. In some
embodiments, the RSPO3-binding agent comprises a heavy
chain encoded by the plasmid deposited with ATCC and
designated PTA-120420, and a light chain encoded by the
plasmid deposited with ATCC and designated PTA-120421.

In certain embodiments, a RSPO3-binding agent com-
prises, consists essentially of or consists of, the antibody
h131R010. In certain embodiments, a RSPO3-binding agent
comprises, consists essentially of, or consists of, a variant of
the antibody h131R010.

In certain embodiments, a RSPO3-binding agent com-
prises, consists essentially of, or consists of, the antibody
h131R011. In certain embodiments, a RSPO3-binding agent
comprises, consists essentially of, or consists of, a variant of
the antibody h131R011.

In certain embodiments, the invention provides a RSPO3-
binding agent that is a bispecific antibody. In some embodi-
ments, the RSPO3-binding agent is a bispecific antibody
comprising a first antigen-binding site that specifically binds
human RSPO3. In some embodiments, the RSPO3-binding
agent is a bispecific antibody comprising a first antigen-bind-
ing site that specifically binds human RSPO3 and a second
antigen-binding site that binds a second target. In some
embodiments, the RSPO3-binding agent is a bispecific anti-
body comprising: a first antigen-binding site that specifically
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binds human RSPO3, wherein the first antigen-binding site
comprises a heavy chain CDR1 comprising KASGYTFT-
DYS (SEQ ID NO:9), KASGYTFTSYTF (SEQ ID NO:34),
or DYSIH (SEQ ID NO:78), aheavy chain CDR2 comprising
IYPSNGDS (SEQ ID NO:10) or YIYPSNGDSGYNQKFK
(SEQ ID NO:79), and a heavy chain CDR3 comprising ATY-
FANYFDY (SEQ ID NO:11), ATYFANNFDY (SEQ ID
NO:35), OR TYFANNFD (SEQ ID NO:80). In some embodi-
ments, the RSPO3-binding agent is a bispecific antibody
comprising: a first antigen-binding site that specifically binds
human RSPO3, wherein the first antigen-binding site com-
prises a heavy chain CDR1 comprising KASGYTFTDYS
(SEQ ID NO:9), a heavy chain CDR2 comprising
IYPSNGDS (SEQ ID NO:10), and a heavy chain CDR3
comprising ATYFANNFDY (SEQ ID NO:35). In some
embodiments, the RSPO3-binding agent is a bispecific anti-
body comprising: a first antigen-binding site that specifically
binds human RSPO3, wherein the first antigen-binding site
comprises a heavy chain CDR1 comprising KASGYTFT-
SYTF (SEQ ID NO:34), a heavy chain CDR2 comprising
IYPSNGDS (SEQ ID NO:10), and a heavy chain CDR3
comprising ATYFANNFDY (SEQ ID NO:35). In some
embodiments, the RSPO3-binding agent is a bispecific anti-
body comprising: a first antigen-binding site that specifically
binds human RSPO3, wherein the first antigen-binding site
comprises a heavy chain CDR1 comprising KASGYTFT-
SYTF (SEQ ID NO:34), a heavy chain CDR2 comprising
IYPSNGDS (SEQ ID NO:10), and a heavy chain CDR3
comprising ATYFANYFDY (SEQ ID NO:11). In some
embodiments, the RSPO3-binding agent is a bispecific anti-
body comprising: a first antigen-binding site that specifically
binds human RSPO3, wherein the first antigen-binding site
comprises a heavy chain CDR1 comprising DYSIH (SEQ ID
NO:80), a heavy chain CDR2 comprising YIYPSNGDSGY-
NQKFK (SEQ ID NO:79), and a heavy chain CDR3 com-
prising TYFANNFD (SEQ ID NO:80). In some embodi-
ments, the RSPO3-binding agent is a bispecific antibody
comprising: a first antigen-binding site that specifically binds
human RSPO3, wherein the first antigen-binding site com-
prises a heavy chain CDR1 comprising DYSIH (SEQ ID
NO:80) or KASGYTFTDYS (SEQ ID NO:9), a heavy chain
CDR2 comprising [YPSNGDS (SEQ ID NO:10), and aheavy
chain CDR3 comprising TYFANNFD (SEQ ID NO:80). In
some embodiments, the RSPO3-binding agent is a bispecific
antibody comprising: a first antigen-binding site that specifi-
cally binds human RSPO3, wherein the first antigen-binding
site comprises (a) a heavy chain CDR1 comprising KAS-
GYTFTIDYS (SEQ ID NO:9), KASGYTFTSYTF (SEQ ID
NO:34), or DYSIH (SEQ ID NO:78), a heavy chain CDR2
comprising IYPSNGDS (SEQ ID NO:10) or
YIYPSNGDSGYNQKFK (SEQ ID NO:79), and a heavy
chain CDR3 comprising ATYFANYFDY (SEQ ID NO:11),
ATYFANNFDY (SEQ ID NO:35) or TYFANNFD (SEQ ID
NO:80), and a second antigen-binding site, wherein the first
antigen-binding site and the second antigen-binding site com-
prise a common (i.e., identical) light chain. In some embodi-
ments, the bispecific antibody comprises a first antigen-bind-
ing site comprising a light chain CDRI1 comprising
QSVDYDGDSYM (SEQ ID NO:12) or KASQS-
VDYDGDSYMN (SEQID NO:81), alight chain CDR2 com-
prising AAS (SEQ ID NO:13) or AASNLES (SEQ ID
NO:82), and a light chain CDR3 comprising QQSNEDPLT
(SEQ ID NO:14) or QQSNEDPLTF (SEQ ID NO:83).

In some embodiments, the RSPO3-binding agent is a
bispecific antibody comprising a first heavy, chain variable
region having at least about 80% sequence identity to SEQ ID
NO:15, SEQ ID NO:16, SEQ ID NO:36, SEQ ID NO:37,
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SEQIDNO:44, SEQ IDNO:45, or SEQ ID NO:62. In certain
embodiments, the RSPO3-binding agent is a bispecific anti-
body comprising a first heavy chain variable region having at
least about 85%, at least about 90%, at least about 95%, at
least about 97%, or at least about 99% sequence identity to
SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:36, SEQ 1D
NO:37, SEQ ID NO:44, SEQ ID NO:45, or SEQ ID NO:62.
In some embodiments, the bispecific antibody comprises a
light chain variable region at least about 85%, at least about
90%, at least about 95%, at least about 97%, or at least about
99% sequence identity to SEQ ID NO:17, SEQ ID NO:72, or
SEQ ID NO:86. In some embodiments, the RSPO3-binding
agent is a bispecific antibody comprising a first heavy, chain
variable region comprising SEQ ID NO:44. In some embodi-
ments, the RSPO3-binding agent is a bispecific antibody
comprising a first heavy chain variable region comprising
SEQ ID NO:45. In some embodiments, the RSPO3-binding
agent is a bispecific antibody comprising a first heavy chain
variable region comprising SEQ ID NO:62. In some embodi-
ments, the RSPO3-binding agent is a bispecific antibody
comprising a first light chain variable region comprising SEQ
ID NO:17. In some embodiments, the RSPO3-binding agent
is a bispecific antibody comprising a first light chain variable
region comprising SEQ ID NO:72. In some embodiments, the
RSPO3-binding agent is a bispecific antibody comprising a
first light chain variable region comprising SEQ 1D NO:86.

In some embodiments, the RSPO3-binding agent is a
bispecific antibody comprising a first heavy chain variable
region comprising SEQ ID NO:15, SEQ ID NO:16, SEQ ID
NO:36, SEQ ID NO:37, SEQ ID NO:44, SEQ ID NO:45, or
SEQ ID NO:62 and a first heavy chain constant region com-
prising SEQ ID NO:60 or SEQ ID NO:61. In some embodi-
ments, the RSPO3-binding agent is a bispecific antibody
comprising a first heavy chain variable region comprising
SEQ ID NO:44 and a first heavy chain constant region com-
prising SEQ ID NO:60 or SEQ ID NO:61. In some embodi-
ments, the RSPO3-binding agent is a bispecific antibody
comprising a first heavy chain variable region comprising
SEQ ID NO:45 and a first heavy chain constant region com-
prising SEQ ID NO:60 or SEQ ID NO:61. In some embodi-
ments, the RSPO3-binding agent is a bispecific antibody
comprising a first heavy chain variable region comprising
SEQ ID NO:62 and a first heavy chain constant region com-
prising SEQ ID NO:60 or SEQ ID NO:61.

In certain embodiments, the RSPO3-binding agent is a
bispecific antibody that specifically binds human RSPO3 and
a second target. In some embodiments, the RSPO3-binding
agent is a bispecific antibody that specifically binds human
RSPO3 and a second human RSPO. In some embodiments,
the RSPO3-binding agent is a bispecific antibody that spe-
cifically binds human RSPO3 and a second human RSPO
selected from the group consisting of RSPO1, RSPO2, and
RSPO4. Non-limiting examples of antibodies to human
RSPO have been described in, for example, International
Patent Pub. No. WO 2013/012747.

In some embodiments, the RSPO3-binding agent is a
bispecific antibody that specifically binds human RSPO3 and
human RSPOI1. In some embodiments, the bispecific anti-
body comprises: a) a first antigen-binding site that specifi-
cally binds human RSPO3, and b) a second antigen-binding
site that specifically binds human RSPO1, wherein the first
antigen-binding site comprises a heavy chain CDR1 compris-
ing KASGYTFTDYS (SEQ ID NO:9), KASGYTFTSYTF
(SEQ ID NO:34), or DYSIH (SEQ ID NO:78), a heavy chain
CDR2 comprising IYPSNGDS (SEQ ID NO:10) or
YIYPSNGDSGYNQKFK (SEQ ID NO:79), and a heavy
chain CDR3 comprising ATYFANYFDY (SEQ ID NO:11),
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ATYFANNFDY (SEQ ID NO:35) or TYFANNFD (SEQ ID
NO:80); and wherein both the first and second antigen-bind-
ing sites comprise a common light chain.

In some embodiments, the RSPO3-binding agent is a
bispecific antibody that specifically binds human RSPO3 and
human RSPO2. In some embodiments, the bispecific anti-
body comprises: a) a first antigen-binding site that specifi-
cally binds human RSPO3, and b) a second antigen-binding
site that specifically binds human RSPO2, wherein the first
antigen-binding site comprises a heavy chain CDR1 compris-
ing KASGYTFTDYS (SEQ ID NO:9), KASGYTFTSYTF
(SEQ ID NO:34), or DYSIH (SEQ ID NO:78), a heavy chain
CDR2 comprising IYPSNGDS (SEQ ID NO:10) or
YIYPSNGDSGYNQKFK (SEQ ID NO:79), and a heavy
chain CDR3 comprising ATYFANYFDY (SEQ ID NO:11),
ATYFANNFDY (SEQ ID NO:35) or TYFANNFD (SEQ ID
NO:80); and wherein both the first and second antigen-bind-
ing sites comprise a common light chain.

In some embodiments, the RSPO3-binding agent is a
bispecific antibody that comprises a heavy chain variable
region from the anti-RSPO3 antibody 131R003. In some
embodiments, the RSPO3-binding agent is a bispecific anti-
body which comprises a heavy chain variable region from a
variant of the anti-RSPO3 antibody 131R003. In some
embodiments, the RSPO3-binding agent is a bispecific anti-
body that comprises a heavy chain variable region from the
anti-RSPO3 antibody 131R006B. In some embodiments, the
RSPO3-binding agent is a bispecific antibody that comprises
a heavy chain variable region from the anti-RSPO3 antibody
h131R005/131R007. In some embodiments, the RSPO3-
binding agent is a bispecific antibody that comprises a heavy
chain variable region from the anti-RSPO3 antibody
h131R010 or h131RO11.

In some embodiments, the RSPO3-binding agent is a
bispecific antibody that comprises a first CH3 domain and a
second CH3 domain, each of which is modified to promote
formation of heteromultimers. In some embodiments, the first
and second CH3 domains are modified using a knobs-into-
holes technique. In some embodiments, the first and second
CH3 domains comprise changes in amino acids that result in
altered electrostatic interactions. In some embodiments, the
first and second CH3 domains comprise changes in amino
acids that result in altered hydrophobic/hydrophilic interac-
tions.

In some embodiments, the RSPO3-binding agent is a
bispecific antibody that comprises heavy chain constant
regions selected from the group consisting of: (a) a first
human IgG1 constant region, wherein the amino acids corre-
sponding to positions 253 and 292 of IgG1 (SEQ ID NO:56)
are replaced with glutamate or aspartate, and a second human
1gG1 constant region, wherein the amino acids corresponding
to positions 240 and 282 of IgGl (SEQ ID NO:56) are
replaced with lysine; (b) a first human IgG2 constant region,
wherein the amino acids corresponding to positions 249 and
288 of Ig(G2 (SEQ ID NO:57) are replaced with glutamate or
aspartate, and a second human IgG2 constant region wherein
the amino acids corresponding to positions 236 and 278 of
1gG2 (SEQ ID NO:57) are replaced with lysine; (c) a first
human IgG3 constant region, wherein the amino acids corre-
sponding to positions 300 and 339 of IgGG3 (SEQ ID NO:58)
are replaced with glutamate or aspartate, and a second human
1g(G3 constant region wherein the amino acids corresponding
to positions 287 and 329 of 1gG3 (SEQ ID NO:58) are
replaced with lysine; and (d) a first human IgG4 constant
region, wherein the amino acids corresponding to positions
250 and 289 of IgG4 (SEQ ID NO:59) are replaced with
glutamate or aspartate, and a second Ig(G4 constant region
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wherein the amino acids corresponding to positions 237 and
279 of IgG4 (SEQ ID NO:59) are replaced with lysine.

In some embodiments, the RSPO3-binding agent is a
bispecific antibody which comprises a first human IgG1 con-
stant region with amino acid substitutions at positions corre-
sponding to positions 253 and 292 of IgG1 (SEQ ID NO:56),
wherein the amino acids at positions corresponding to posi-
tions 253 and 292 of IgG1 (SEQ ID NO:56) are replaced with
glutamate or aspartate, and a second human IgG1 constant
region with amino acid substitutions at positions correspond-
ing to positions 240 and 282 of 1gGl (SEQ ID NO:56),
wherein the amino acids at positions corresponding to posi-
tions 240 and 282 of IgG1 (SEQ ID NO:56) are replaced with
lysine. In some embodiments, the RSPO3-binding agent is a
bispecific antibody which comprises a first human 1gG2 con-
stant region with amino acid substitutions at positions corre-
sponding to positions 249 and 288 of IgG2 (SEQ ID NO:57),
wherein the amino acids at positions corresponding to posi-
tions 249 and 288 of IgG2 (SEQ ID NO:57) are replaced with
glutamate or aspartate, and a second human IgG2 constant
region with amino acid substitutions at positions correspond-
ing to positions 236 and 278 of 1gG2 (SEQ ID NO:57),
wherein the amino acids at positions corresponding to posi-
tions 236 and 278 of IgG2 (SEQ ID NO:57) are replaced with
lysine. In some embodiments, the RSPO-binding agent is a
bispecific antibody which comprises a first human 1gG3 con-
stant region with amino acid substitutions at positions corre-
sponding to positions 300 and 339 of IgG3 (SEQ ID NO:58),
wherein the amino acids at positions corresponding to posi-
tions 300 and 339 of IgG3 (SEQ ID NO:58) are replaced with
glutamate or aspartate, and a second human IgG3 constant
region with amino acid substitutions at positions correspond-
ing to positions 287 and 329 of 1gG3 (SEQ ID NO:58),
wherein the amino acids at positions corresponding to posi-
tions 287 and 329 of IgG3 (SEQ ID NO:58) are replaced with
lysine. In some embodiments, the RSPO-binding agent is a
bispecific antibody which comprises a first human 1gG4 con-
stant region with amino acid substitutions at positions corre-
sponding to positions 250 and 289 of IgG4 (SEQ ID NO:59),
wherein the amino acids at positions corresponding to posi-
tions 250 and 289 of IgG4 (SEQ ID NO:59) are replaced with
glutamate or aspartate, and a second human IgG4 constant
region with amino acid substitutions at positions correspond-
ing to positions 237 and 279 of 1gG4 (SEQ ID NO:59),
wherein the amino acids at positions corresponding to posi-
tions 237 and 279 of IgG4 (SEQ ID NO:59) are replaced with
lysine.

In some embodiments, the RSPO3-binding agent is a
bispecific antibody which comprises a first human IgG1 con-
stant region with amino acid substitutions at positions corre-
sponding to positions 253 and 292 of IgG1 (SEQ ID NO:56),
wherein the amino acids are replaced with glutamate, and a
second human IgG1 constant region with amino acid substi-
tutions at positions corresponding to positions 240 and 282 of
1gG1 (SEQ ID NO:56), wherein the amino acids are replaced
with lysine. In some embodiments, the RSPO3-binding agent
is a bispecific antibody which comprises a first human IgG1
constant region with amino acid substitutions at positions
corresponding to positions 253 and 292 of IgG1 (SEQ ID
NO:56), wherein the amino acids are replaced with aspartate,
and a second human IgG1 constant region with amino acid
substitutions at positions corresponding to positions 240 and
282 of 1gG1 (SEQ ID NO:56), wherein the amino acids are
replaced with lysine.

In some embodiments, the RSPO3-binding agent is a
bispecific antibody which comprises a first human 1gG2 con-
stant region with amino acid substitutions at positions corre-
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sponding to positions 249 and 288 of IgG2 (SEQ ID NO:57),
wherein the amino acids are replaced with glutamate, and a
second human IgG2 constant region with amino acid substi-
tutions at positions corresponding to positions 236 and 278 of
1gG2 (SEQ ID NO:57), wherein the amino acids are replaced
with lysine. In some embodiments, the RSPO3-binding agent
is a bispecific antibody which comprises a first human IgG2
constant region with amino acid substitutions at positions
corresponding to positions 249 and 288 of 1gG2 (SEQ ID
NO:57), wherein the amino acids are replaced with aspartate,
and a second human IgG2 constant region with amino acid
substitutions at positions corresponding to positions 236 and
278 of 1gG2 (SEQ ID NO:57), wherein the amino acids are
replaced with lysine.

In some embodiments, the RSPO3-binding agent is a
bispecific antibody which comprises a heavy chain constant
region of SEQ ID NO:60. In some embodiments, the RSPO-
binding agent is a bispecific antibody which comprises a
heavy chain constant region of SEQ ID NO:61. In some
embodiments, the RSPO3-binding agent is a bispecific anti-
body which comprises a first heavy chain constant region of
SEQ ID NO:60 and a second heavy chain constant region of
SEQ ID NO:61.

In some embodiments, the RSPO3-binding agent is a
bispecific antibody which binds RSPO3 witha K, of about 50
nM or less, about 25 nM or less, about 10 nM or less, about 1
nM orless, orabout 0.1 nM orless. In some embodiments, the
RSPO3-binding agent is a bispecific antibody which binds a
second target (e.g., RSPO2) with a K, of about 50 nM or less,
about 25 nM or less, about 10 nM or less, about 1 nM or less,
or about 0.1 nM or less. In some embodiments, the RSPO3-
binding agent is a bispecific antibody which binds RSPO3
with a K, of about 50 nM or less and binds a second target
(e.g., RSPO2) with a K, of about 50 nM or less. In some
embodiments, the RSPO3-binding agent is a bispecific anti-
body which binds RSPO3 with a K, of about 25 nM or less
and binds a second target (e.g., RSPO2) with a K, ofabout 25
nM or less. In some embodiments, the RSPO3-binding agent
is a bispecific antibody which binds RSPO3 with a K, of
about 10 nM or less and binds a second target (e.g., RSPO2)
with a K, of about 10 nM or less. In some embodiments, the
RSPO3-binding agent is a bispecific antibody which binds
RSPO3 with a K, of about 1 nM or less and binds a second
target (e.g., RSPO2) with a K, of about 1 nM or less.

In some embodiments, the RSPO3-binding agent is a
bispecific antibody which comprises one antigen-binding site
with a binding affinity that is weaker than the binding affinity
of the second antigen-binding site. For example, in some
embodiments, the bispecific antibody may bind RSPO3 with
a K, ranging from about 0.1 nM to 1 nM and may bind a
second target (e.g., RSPO2) with a K, ranging from about 1
nM to 10 nM. Or the bispecific antibody may bind RSPO3
with a K, ranging from about 1 nM to 10 nM and may bind a
second target (e.g., RSPO2) with a K, ranging from about 0.1
nM to 1 nM. In some embodiments, the bispecific antibody
may bind RSPO3 with a K, ranging from about 0.1 nM to 1
nM and may bind a second target (e.g., RSPO2) with a K,
ranging from about 1 nM to 10 nM. Or the bispecific antibody
may bind RSPO3 with a K, ranging from about 1 nM to 10
nM and may bind a second target (e.g., RSPO2) with a K,
ranging from about 0.1 nM to 1 nM. In some embodiments,
the difference in affinity between the two antigen-binding
sites may be about 2-fold or more, about 3-fold or more, about
5-fold or more, about 8-fold or more, about 10-fold or more,
about 15-fold or more, about 30-fold or more, about 50-fold
or more, or about 100-fold or more. In some embodiments, at
least one amino acid residue in at least one CDR of the
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antigen-binding site for RSPO3 is substituted with a different
amino acid so that the affinity of the RSPO3-binding site is
altered. In some embodiments, the affinity of the RSPO3-
binding site is increased. In some embodiments, the affinity of
the RSPO3-binding site is decreased. In some embodiments,
at least one amino acid residue in at least one CDR of the
antigen-binding site for the second target (e.g., RSPO2) is
substituted with a different amino acid so that the affinity of
the second antigen-binding site is altered. In some embodi-
ments, the affinity of the second antigen-binding site is
increased. In some embodiments, the affinity of the second
antigen-binding site is decreased. In some embodiments, the
affinities of both the RSPO3 and the second antigen-binding
sites are altered.

The invention provides polypeptides, including, but not
limited to, antibodies that specifically bind human RSPO
proteins. In some embodiments, the polypeptides bind human
RSPO3. In some embodiments, the polypeptides bind human
RSPO3 and at least one additional human RSPO selected
from the group consisting of RSPO1, RSPO2, and RSPO4.

In certain embodiments, the polypeptide comprises one,
two, three, four, five, and/or six of the CDRs of antibody
131R002, 131R003, or variants of 131R003 including
h131R005/131R007, h131R006A, h131R006B, h131R010,
and h131R011 (see Table 1 herein). In some embodiments,
the polypeptide comprises CDRs with up to four (i.e., 0, 1, 2,
3, or 4) amino acid substitutions per CDR. In certain embodi-
ments, the heavy chain CDR(s) are contained within a heavy
chain variable region. In certain embodiments, the light chain
CDR(s) are contained within a light chain variable region.

In some embodiments, the invention provides a polypep-
tide that specifically binds human RSPO3, wherein the
polypeptide comprises an amino acid sequence having at
least about 80% sequence identity to SEQ ID NO:15, SEQ ID
NO:16, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:44,
SEQ ID NO:45, or SEQ ID NO:62, and/or an amino acid
sequence having at least about 80% sequence identity to SEQ
1D NO:17, SEQ ID NO:72, or SEQ ID NO:86. In certain
embodiments, the polypeptide comprises an amino acid
sequence having at least about 85%, at least about 90%, at
least about 95%, at least about 97%, or at least about 99%
sequence identity to SEQID NO:15, SEQID NO:16, SEQ ID
NO:36, SEQ ID NO:37, SEQ ID NO:44, SEQ ID NO:45, or
SEQ ID NO:62. In certain embodiments, the polypeptide
comprises an amino acid sequence having at least about 85%,
at least about 90%, at least about 95%, at least about 97%, or
at least about 99% sequence identity to SEQ ID NO:17, SEQ
1D NO:72, or SEQ ID NO:86. In certain embodiments, the
polypeptide comprises an amino acid sequence having at
least about 95% sequence identity to SEQ ID NO:15, SEQ ID
NO:16, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:44,
SEQ ID NO:45, or SEQ ID NO:62, and/or an amino acid
sequence having at least about 95% sequence identity to SEQ
1D NO:17, SEQ ID NO:72, or SEQ ID NO:86. In certain
embodiments, the polypeptide comprises an amino acid
sequence comprising SEQ ID NO:15 and/or an amino acid
sequence comprising SEQ ID NO:17. In certain embodi-
ments, the polypeptide comprises an amino acid sequence
comprising SEQ ID NO:16 and/or an amino acid sequence
comprising SEQ ID NO:17. In certain embodiments, the
polypeptide comprises an amino acid sequence comprising
SEQ ID NO:36 and/or an amino acid sequence comprising
SEQ ID NO:17. In certain embodiments, the polypeptide
comprises an amino acid sequence comprising SEQ ID
NO:37 and/or an amino acid sequence comprising SEQ 1D
NO:17. In certain embodiments, the polypeptide comprises
an amino acid sequence comprising SEQ ID NO:44 and/or an
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amino acid sequence comprising SEQ ID NO:17. In certain
embodiments, the polypeptide comprises an amino acid
sequence comprising SEQ ID NO:45 and/or an amino acid
sequence comprising SEQ ID NO:17. In certain embodi-
ments, the polypeptide comprises an amino acid sequence
comprising SEQ ID NO:62 and/or an amino acid sequence
comprising SEQ ID NO:17. In certain embodiments, the
polypeptide comprises an amino acid sequence comprising
SEQ ID NO:15 and/or an amino acid sequence comprising
SEQ ID NO:72. In certain embodiments, the polypeptide
comprises an amino acid sequence comprising SEQ ID
NO:16 and/or an amino acid sequence comprising SEQ 1D
NO:72. In certain embodiments, the polypeptide comprises
an amino acid sequence comprising SEQ ID NO:36 and/or an
amino acid sequence comprising SEQ 1D NO:72. In certain
embodiments, the polypeptide comprises an amino acid
sequence comprising SEQ ID NO:37 and/or an amino acid
sequence comprising SEQ ID NO:72. In certain embodi-
ments, the polypeptide comprises an amino acid sequence
comprising SEQ ID NO:44 and/or an amino acid sequence
comprising SEQ ID NO:72. In certain embodiments, the
polypeptide comprises an amino acid sequence comprising
SEQ ID NO:45 and/or an amino acid sequence comprising
SEQ ID NO:72. In certain embodiments, the polypeptide
comprises an amino acid sequence comprising SEQ ID
NO:62 and/or an amino acid sequence comprising SEQ 1D
NO:72. In certain embodiments, the polypeptide comprises
an amino acid sequence comprising SEQ ID NO:44 and/or an
amino acid sequence comprising SEQ 1D NO:86. In certain
embodiments, the polypeptide comprises an amino acid
sequence comprising SEQ ID NO:45 and/or an amino acid
sequence comprising SEQ ID NO:86. In certain embodi-
ments, the polypeptide comprises an amino acid sequence
comprising SEQ ID NO:62 and/or an amino acid sequence
comprising SEQ ID NO:86.

In some embodiments, the invention provides a polypep-
tide that specifically binds human RSPO3, wherein the
polypeptide comprises an amino acid sequence having at
least about 80% sequence identity to SEQ ID NO:21, SEQ ID
NO:22, SEQ ID NO:38, SEQ ID NO:41, SEQ ID NO:46,
SEQIDNO:47, SEQID NO:63, or SEQ ID NO:68, and/or an
amino acid sequence having at least about 80% sequence
identity to SEQ ID NO:23, SEQ ID NO:73, or SEQ ID
NO:87. In certain embodiments, the polypeptide comprises
an amino acid sequence having at least about 85%, at least
about 90%, at least about 95%, at least about 97%, or at least
about 99% sequence identity to SEQ ID NO:21, SEQ ID
NO:22, SEQ ID NO:38, SEQ ID NO:41, SEQ ID NO:46,
SEQID NO:47,SEQIDNO:63, or SEQ IDNO:68. In certain
embodiments, the polypeptide comprises an amino acid
sequence having at least about 85%, at least about 90%, at
least about 95%, at least about 97%, or at least about 99%
sequence identity to SEQ ID NO:23, SEQ ID NO:73, or SEQ
ID NO:87. In certain embodiments, the polypeptide com-
prises an amino acid sequence having at least about 95%
sequence identity to SEQID NO:21, SEQ ID NO:22, SEQ ID
NO:38, SEQ ID NO:41, SEQ ID NO:46, SEQ ID NO:47,
SEQ ID NO:63, or SEQ ID NO:68, and/or an amino acid
sequence having at least about 95% sequence identity to SEQ
1D NO:23, SEQ ID NO:73, or SEQ ID NO:87. In certain
embodiments, the polypeptide comprises an amino acid
sequence comprising SEQ ID NO:21, SEQ ID NO:22, SEQ
1D NO:38, SEQ ID NO:41, SEQ ID NO:46, SEQ ID NO:47,
SEQ ID NO:63, or SEQ ID NO:68, and/or an amino acid
sequence comprising SEQ ID NO:23, SEQ ID NO:73, or
SEQ ID NO:87. In certain embodiments, the polypeptide
consists essentially of SEQ ID NO:21, SEQ ID NO:22, SEQ
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ID NO:38, SEQ ID NO:41, SEQ ID NO:46, SEQ ID NO:47,
SEQ ID NO:63, or SEQ ID NO:68, and/or SEQ ID NO:23,
SEQ ID NO:73, or SEQ ID NO:87.

In certain embodiments, the polypeptide comprises an
amino acid sequence comprising SEQ ID NO:27, SEQ ID
NO:28, SEQ ID NO:39, SEQ ID NO:42, SEQ ID NO:48,
SEQIDNO:49, SEQIDNO:64, or SEQ ID NO:69, and/or an
amino acid sequence comprising SEQ ID NO:29, SEQ ID
NO:74, or SEQ ID NO:88. In certain embodiments, the
polypeptide comprises an amino acid sequence comprising
SEQ ID NO:48 and/or an amino acid sequence comprising
SEQ ID NO:29. In certain embodiments, the polypeptide
comprises an amino acid sequence comprising SEQ ID
NO:49 and/or an amino acid sequence comprising SEQ 1D
NO:29. In certain embodiments, the polypeptide comprises
an amino acid sequence comprising SEQ ID NO:64 and/or an
amino acid sequence comprising SEQ ID NO:29. In certain
embodiments, the polypeptide comprises an amino acid
sequence comprising SEQ ID NO:69 and/or an amino acid
sequence comprising SEQ ID NO:29. In certain embodi-
ments, the polypeptide comprises an amino acid sequence
comprising SEQ ID NO:48 and/or an amino acid sequence
comprising SEQ ID NO:74. In certain embodiments, the
polypeptide comprises an amino acid sequence comprising
SEQ ID NO:49 and/or an amino acid sequence comprising
SEQ ID NO:74. In certain embodiments, the polypeptide
comprises an amino acid sequence comprising SEQ ID
NO:64 and/or an amino acid sequence comprising SEQ 1D
NO:74. In certain embodiments, the polypeptide comprises
an amino acid sequence comprising SEQ ID NO:69 and/or an
amino acid sequence comprising SEQ ID NO:74. In certain
embodiments, the polypeptide comprises an amino acid
sequence comprising SEQ ID NO:48 and/or an amino acid
sequence comprising SEQ ID NO:88. In certain embodi-
ments, the polypeptide comprises an amino acid sequence
comprising SEQ ID NO:49 and/or an amino acid sequence
comprising SEQ ID NO:88. In certain embodiments, the
polypeptide comprises an amino acid sequence comprising
SEQ ID NO:64 and/or an amino acid sequence comprising
SEQ ID NO:88. In certain embodiments, the polypeptide
comprises an amino acid sequence comprising SEQ ID
NO:69 and/or an amino acid sequence comprising SEQ 1D
NO:88. In certain embodiments, the polypeptide comprises
an amino acid sequence consisting essentially of SEQ ID
NO:27, SEQ ID NO:28, SEQ ID NO:39, SEQ ID NO:42,
SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:64, or SEQ ID
NO:69 and/or an amino acid sequence consisting essentially
of SEQ IDNO:29, SEQIDNO:74, SEQ ID NO:88. In certain
embodiments, the polypeptide comprises an amino acid
sequence consisting essentially of SEQ ID NO:48 and/or an
amino acid sequence consisting essentially of SEQ ID
NO:29. In certain embodiments, the polypeptide comprises
an amino acid sequence consisting essentially of SEQ ID
NO:49 and/or an amino acid sequence consisting essentially
of SEQ ID NO:29. In certain embodiments, the polypeptide
comprises an amino acid sequence consisting essentially of
SEQ ID NO:64 and/or an amino acid sequence consisting
essentially of SEQ ID NO:29. In certain embodiments, the
polypeptide comprises an amino acid sequence consisting
essentially of SEQ ID NO:69 and/or an amino acid sequence
consisting essentially of SEQ ID NO:29. In certain embodi-
ments, the polypeptide comprises an amino acid sequence
consisting essentially of SEQ ID NO:48 and/or an amino acid
sequence consisting essentially of SEQ ID NO:74. In certain
embodiments, the polypeptide comprises an amino acid
sequence consisting essentially of SEQ ID NO:49 and/or an
amino acid sequence consisting essentially of SEQ ID
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NO:74. In certain embodiments, the polypeptide comprises
an amino acid sequence consisting essentially of SEQ ID
NO:64 and/or an amino acid sequence consisting essentially
of SEQ ID NO:74. In certain embodiments, the polypeptide
comprises an amino acid sequence consisting essentially of
SEQ ID NO:69 and/or an amino acid sequence consisting
essentially of SEQ ID NO:74. In certain embodiments, the
polypeptide comprises an amino acid sequence consisting
essentially of SEQ ID NO:48 and/or an amino acid sequence
consisting essentially of SEQ ID NO:88. In certain embodi-
ments, the polypeptide comprises an amino acid sequence
consisting essentially of SEQ ID NO:49 and/or an amino acid
sequence consisting essentially of SEQ ID NO:88. In certain
embodiments, the polypeptide comprises an amino acid
sequence consisting essentially of SEQ ID NO:64 and/or an
amino acid sequence consisting essentially of SEQ ID
NO:88. In certain embodiments, the polypeptide comprises
an amino acid sequence consisting essentially of SEQ ID
NO:69 and/or an amino acid sequence consisting essentially
of SEQ ID NO:88.

In some embodiments, the invention provides a polypep-
tide that specifically binds human RSPO3, wherein the
polypeptide comprises an amino acid sequence having at
least about 80% sequence identity to SEQ ID NO:27, SEQ ID
NO:28, SEQ ID NO:39, SEQ ID NO:42, SEQ ID NO:48,
SEQIDNO:49, SEQIDNO:64, or SEQ ID NO:69, and/or an
amino acid sequence having at least about 80% sequence
identity to SEQ ID NO:29, SEQ ID NO:74, or SEQ ID
NO:88. In certain embodiments, the polypeptide comprises
an amino acid sequence having at least about 85%, at least
about 90%, at least about 95%, at least about 97%, or at least
about 99% sequence identity to SEQ ID NO:27, SEQ ID
NO:28, SEQ ID NO:39, SEQ ID NO:42, SEQ ID NO:48,
SEQIDNO:49,SEQIDNO:64, or SEQ IDNO:69. In certain
embodiments, the polypeptide comprises an amino acid
sequence having at least about 85%, at least about 90%, at
least about 95%, at least about 97%, or at least about 99%
sequence identity to SEQ ID NO:29, SEQ ID NO:74, or SEQ
ID NO:88. In certain embodiments, the polypeptide com-
prises an amino acid sequence having at least about 95%
sequence identity to SEQID NO:27, SEQ ID NO:28, SEQ ID
NO:39, SEQ ID NO:42, SEQ ID NO:48, SEQ ID NO:49,
SEQ ID NO:64, or SEQ ID NO:69, and/or an amino acid
sequence having at least about 95% sequence identity to SEQ
ID NO:29, SEQ ID NO:74, SEQ ID NO:88. In certain
embodiments, the polypeptide comprises an amino acid
sequence comprising SEQ ID NO:27, SEQ ID NO:28, SEQ
ID NO:39, SEQ ID NO:42, SEQ ID NO:48, SEQ ID NO:49,
SEQ ID NO:64, or SEQ ID NO:69, and/or an amino acid
sequence comprising SEQ ID NO:29, SEQ ID NO:74, or
SEQ ID NO:88. In certain embodiments, the polypeptide
comprises an amino acid sequence comprising SEQ ID
NO:48 and/or an amino acid sequence comprising SEQ 1D
NO:29. In certain embodiments, the polypeptide comprises
an amino acid sequence comprising SEQ ID NO:49 and/or an
amino acid sequence comprising SEQ 1D NO:29. In certain
embodiments, the polypeptide comprises an amino acid
sequence comprising SEQ ID NO:64 and/or an amino acid
sequence comprising SEQ ID NO:29. In certain embodi-
ments, the polypeptide comprises an amino acid sequence
comprising SEQ ID NO:69 and/or an amino acid sequence
comprising SEQ ID NO:29. In certain embodiments, the
polypeptide consists essentially of SEQ ID NO:27 and/or
SEQ ID NO:29. In certain embodiments, the polypeptide
consists essentially of SEQ ID NO:28 and/or SEQ ID NO:29.
In certain embodiments, the polypeptide consists essentially
of SEQ ID NO:48 and/or SEQ ID NO:29. In certain embodi-
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ments, the polypeptide consists essentially of SEQ ID NO:49
and/or SEQ ID NO:29. In certain embodiments, the polypep-
tide consists essentially of SEQ ID NO:64 and/or SEQ ID
NO:29. In certain embodiments, the polypeptide consists
essentially of SEQ ID NO:69 and/or SEQ ID NO:29. In
certain embodiments, the polypeptide comprises an amino
acid sequence comprising SEQ ID NO:48 and/or an amino
acid sequence comprising SEQ ID NO:74. In certain embodi-
ments, the polypeptide comprises an amino acid sequence
comprising SEQ ID NO:49 and/or an amino acid sequence
comprising SEQ ID NO:74. In certain embodiments, the
polypeptide comprises an amino acid sequence comprising
SEQ ID NO:64 and/or an amino acid sequence comprising
SEQ ID NO:74. In certain embodiments, the polypeptide
comprises an amino acid sequence comprising SEQ ID
NO:69 and/or an amino acid sequence comprising SEQ 1D
NO:74. In certain embodiments, the polypeptide consists
essentially of SEQ ID NO:27 and/or SEQ ID NO:74. In
certain embodiments, the polypeptide consists essentially of
SEQ ID NO:28 and/or SEQ ID NO:74. In certain embodi-
ments, the polypeptide consists essentially of SEQ ID NO:48
and/or SEQ ID NO:74. In certain embodiments, the polypep-
tide consists essentially of SEQ ID NO:49 and/or SEQ ID
NO:74. In certain embodiments, the polypeptide consists
essentially of SEQ ID NO:64 and/or SEQ ID NO:74. In
certain embodiments, the polypeptide consists essentially of
SEQ ID NO:69 and/or SEQ ID NO:74. In certain embodi-
ments, the polypeptide comprises an amino acid sequence
comprising SEQ ID NO:48 and/or an amino acid sequence
comprising SEQ ID NO:88. In certain embodiments, the
polypeptide comprises an amino acid sequence comprising
SEQ ID NO:49 and/or an amino acid sequence comprising
SEQ ID NO:88. In certain embodiments, the polypeptide
comprises an amino acid sequence comprising SEQ ID
NO:64 and/or an amino acid sequence comprising SEQ 1D
NO:88. In certain embodiments, the polypeptide comprises
an amino acid sequence comprising SEQ ID NO:69 and/or an
amino acid sequence comprising SEQ ID NO:88. In certain
embodiments, the polypeptide consists essentially of SEQ ID
NO:48 and/or SEQ ID NO:88. In certain embodiments, the
polypeptide consists essentially of SEQ ID NO:49 and/or
SEQ ID NO:88. In certain embodiments, the polypeptide
consists essentially of SEQ ID NO:64 and/or SEQ ID NO:88.
In certain embodiments, the polypeptide consists essentially
of SEQ ID NO:69 and/or SEQ ID NO:88.

In some embodiments, a RSPO3-binding agent comprises
apolypeptide comprising a sequence selected from the group
consisting of: SEQ ID NO:15, SEQ ID NO:16, SEQ ID
NO:17, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23,
SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ 1D
NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39,
SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:44, SEQ 1D
NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48,
SEQ ID NO:49, SEQ ID NO:62, SEQ ID NO:63, SEQ 1D
NO:64, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:72,
SEQ ID NO:73, SEQ ID NO:74, SEQ ID NO:86, SEQ 1D
NO:87, and SEQ ID NO:88.

Many proteins, including antibodies, contain a signal
sequence that directs the transport of the proteins to various
locations. Signal sequences (also referred to as signal pep-
tides or leader sequences) are located at the N-terminus of
nascent polypeptides. They target the polypeptide to the
endoplasmic reticulum and the proteins are sorted to their
destinations, for example, to the inner space of an organelle,
to an interior membrane, to the cell’s outer membrane, or to
the cell exterior via secretion. Most signal sequences are
cleaved from the protein by a signal peptidase after the pro-
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teins are transported to the endoplasmic reticulum. The cleav-
age of the signal sequence from the polypeptide usually
occurs at a specific site in the amino acid sequence and is
dependent upon amino acid residues within the signal
sequence. Although there is usually one specific cleavage site,
more than one cleavage site may be recognized and/or may be
used by a signal peptidase resulting in a non-homogenous
N-terminus of the polypeptide. For example, the use of dif-
ferent cleavage sites within a signal sequence can result in a
polypeptide expressed with different N-terminal amino acids.
Accordingly, in some embodiments, the polypeptides as
described herein may comprise a mixture of polypeptides
with different N-termini. In some embodiments, the N-ter-
mini differ in length by 1, 2, 3, 4, or 5 amino acids. In some
embodiments, the polypeptide is substantially homogeneous,
i.e., the polypeptides have the same N-terminus. In some
embodiments, the signal sequence of the polypeptide com-
prises one or more (e.g., one, two, three, four, five, six, seven,
eight, nine, ten, etc.) amino acid substitutions and/or dele-
tions as compared to a “native” or “parental” signal sequence.
In some embodiments, the signal sequence of the polypeptide
comprises amino acid substitutions and/or deletions that
allow one cleavage site to be dominant, thereby resulting in a
substantially homogeneous polypeptide with one N-termi-
nus. In some embodiments, a signal sequence of the polypep-
tide affects the expression level of the polypeptide, e.g.,
increased expression or decreased expression.

In certain embodiments, a RSPO3-binding agent (e.g.,
antibody) competes for specific binding to RSPO3 with an
antibody that comprises a heavy chain variable region com-
prising SEQ IDNO:15,SEQ IDNO:16, SEQ ID NO:36, SEQ
ID NO:37, SEQ ID NO:44, SEQ ID NO:45, or SEQ ID
NO:62, and a light chain variable region comprising SEQ ID
NO:17, SEQ ID NO:72, or SEQ ID NO:86. In certain
embodiments, a RSPO3-binding agent (e.g., antibody) com-
petes for specific binding to RSPO3 with an antibody that
comprises a heavy chain variable region comprising SEQ ID
NO:44 and a light chain variable region comprising SEQ 1D
NO:17. In certain embodiments, a RSPO3-binding agent
(e.g., antibody) competes for specific binding to RSPO3 with
an antibody that comprises a heavy chain variable region
comprising SEQ ID NO:45 and a light chain variable region
comprising SEQ ID NO:17. In certain embodiments, a
RSPO3-binding agent (e.g., antibody) competes for specific
binding to RSPO3 with an antibody that comprises a heavy
chain variable region comprising SEQ ID NO:62 and a light
chain variable region comprising SEQ ID NO:17. In certain
embodiments, a RSPO3-binding agent (e.g., antibody) com-
petes for specific binding to RSPO3 with an antibody that
comprises a heavy chain variable region comprising SEQ ID
NO:44 and a light chain variable region comprising SEQ 1D
NO:72. In certain embodiments, a RSPO3-binding agent
(e.g., antibody) competes for specific binding to RSPO3 with
an antibody that comprises a heavy chain variable region
comprising SEQ ID NO:45 and a light chain variable region
comprising SEQ ID NO:72. In certain embodiments, a
RSPO3-binding agent (e.g., antibody) competes for specific
binding to RSPO3 with an antibody that comprises a heavy
chain variable region comprising SEQ ID NO:62 and a light
chain variable region comprising SEQ ID NO:72. In certain
embodiments, a RSPO3-binding agent (e.g., antibody) com-
petes for specific binding to RSPO3 with an antibody that
comprises a heavy chain variable region comprising SEQ ID
NO:44 and a light chain variable region comprising SEQ 1D
NO:86. In certain embodiments, a RSPO3-binding agent
(e.g., antibody) competes for specific binding to RSPO3 with
an antibody that comprises a heavy chain variable region
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comprising SEQ ID NO:45 and a light chain variable region
comprising SEQ ID NO:86. In certain embodiments, a
RSPO3-binding agent (e.g., antibody) competes for specific
binding to RSPO3 with an antibody that comprises a heavy
chain variable region comprising SEQ ID NO:62 and a light
chain variable region comprising SEQ ID NO:86.

In certain embodiments, a RSPO3-binding agent (e.g.,
antibody) competes for specific binding to RSPO3 with an
antibody that comprises a heavy chain comprising SEQ ID
NO:27, SEQ ID NO:28, SEQ ID NO:39, SEQ ID NO:42,
SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:64, or SEQ ID
NO:69 and a light chain comprising SEQ ID NO:29, SEQ ID
NO:74, or SEQ ID NO:88. In certain embodiments, a
RSPO3-binding agent (e.g., antibody) competes for specific
binding to RSPO3 with an antibody that comprises a heavy
chain comprising SEQ ID NO:48 and a light chain compris-
ing SEQ ID NO:29. In certain embodiments, a RSPO3-bind-
ing agent (e.g., antibody) competes for specific binding to
RSPO3 with an antibody that comprises a heavy chain com-
prising SEQ ID NO:49 and a light chain comprising SEQ 1D
NO:29. In certain embodiments, a RSPO3-binding agent
(e.g., antibody) competes for specific binding to RSPO3 with
an antibody that comprises a heavy chain comprising SEQ ID
NO:64 and a light chain comprising SEQ ID NO:29. In cer-
tain embodiments, a RSPO3-binding agent (e.g., antibody)
competes for specific binding to RSPO3 with an antibody that
comprises a heavy chain comprising SEQ ID NO:69 and a
light chain comprising SEQ ID NO:29. In certain embodi-
ments, a RSPO3-binding agent (e.g., antibody) competes for
specific binding to RSPO3 with an antibody that comprises a
heavy chain comprising SEQ ID NO:48 and a light chain
comprising SEQ ID NO:74. In certain embodiments, a
RSPO3-binding agent (e.g., antibody) competes for specific
binding to RSPO3 with an antibody that comprises a heavy
chain comprising SEQ ID NO:49 and a light chain compris-
ing SEQ ID NO:74. In certain embodiments, a RSPO3-bind-
ing agent (e.g., antibody) competes for specific binding to
RSPO3 with an antibody that comprises a heavy chain com-
prising SEQ ID NO:64 and a light chain comprising SEQ 1D
NO:74. In certain embodiments, a RSPO3-binding agent
(e.g., antibody) competes for specific binding to RSPO3 with
an antibody that comprises a heavy chain comprising SEQ ID
NO:69 and a light chain comprising SEQ ID NO:74. In cer-
tain embodiments, a RSPO3-binding agent (e.g., antibody)
competes for specific binding to RSPO3 with an antibody that
comprises a heavy chain comprising SEQ ID NO:48 and a
light chain comprising SEQ ID NO:88. In certain embodi-
ments, a RSPO3-binding agent (e.g., antibody) competes for
specific binding to RSPO3 with an antibody that comprises a
heavy chain comprising SEQ ID NO:49 and a light chain
comprising SEQ ID NO:88. In certain embodiments, a
RSPO3-binding agent (e.g., antibody) competes for specific
binding to RSPO3 with an antibody that comprises a heavy
chain comprising SEQ ID NO:64 and a light chain compris-
ing SEQ ID NO:88. In certain embodiments, a RSPO3-bind-
ing agent (e.g., antibody) competes for specific binding to
RSPO3 with an antibody that comprises a heavy chain com-
prising SEQ ID NO:69 and a light chain comprising SEQ 1D
NO:88.

In certain embodiments, a RSPO3-binding agent competes
with antibody 131R002 or antibody 131R003 for specific
binding to human RSPO3. In certain embodiments, a RSPO3-
binding agent competes with a variant of antibody 131R003
for specific binding to human RSPO3. In certain embodi-
ments, a RSPO3-binding agent competes with a humanized
version of antibody 131R003 for specific binding to human
RSPO3. In certain embodiments, a RSPO3-binding agent
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competes with antibody h131R005/131R007 for specific
binding to human RSPO3. In certain embodiments, a RSPO3-
binding agent competes with antibody h131R008 for specific
binding to human RSPO3. In certain embodiments, a RSPO3-
binding agent competes with antibody h131R006A or anti-
body h131R006B for specific binding to human RSPO3. In
certain embodiments, a RSPO3-binding agent competes with
antibody h131R010 for specific binding to human RSPO3. In
certain embodiments, a RSPO3-binding agent competes with
antibody h131R011 for specific binding to human RSPO3. In
some embodiments, a RSPO3-binding agent or antibody
competes for specific binding to RSPO3 in an in vitro com-
petitive binding assay. In some embodiments, the RSPO3 is
human RSPO3. In some embodiments, the RSPO3 is mouse
RSPO3.

In certain embodiments, a RSPO3-binding agent (e.g., an
antibody) binds the same epitope, or essentially the same
epitope, on RSPO3 as an antibody of the invention. In certain
embodiments, a RSPO3-binding agent (e.g., an antibody)
binds the same epitope, or essentially the same epitope, on
RSPO3 as antibody 131R002 or antibody 131R003. In cer-
tain embodiments, a RSPO3-binding agent (e.g., an antibody)
binds the same epitope, or essentially the same epitope, on
RSPO3 as a variant of antibody 131R003. In certain embodi-
ments, a RSPO3-binding agent (e.g., an antibody) binds the
same epitope, or essentially the same epitope, on RSPO3 as a
humanized version of antibody 131R003. In certain embodi-
ments, a RSPO3-binding agent (e.g., an antibody) binds the
same epitope, or essentially the same epitope, on RSPO3 as
antibody h131R006A or antibody h131R006B. In certain
embodiments, a RSPO3-binding agent (e.g., an antibody)
binds the same epitope, or essentially the same epitope, on
RSPO3 as antibody h131R005/131R007. In certain embodi-
ments, a RSPO3-binding agent (e.g., an antibody) binds the
same epitope, or essentially the same epitope, on RSPO3 as
antibody h131R008. In certain embodiments, a RSPO3-bind-
ing agent (e.g., an antibody) binds the same epitope, or essen-
tially the same epitope, on RSPO3 as antibody h131R010. In
certain embodiments, a RSPO3-binding agent (e.g., an anti-
body) binds the same epitope, or essentially the same epitope,
on RSPO3 as antibody h131R011.

In another embodiment, a RSPO3-binding agent is an anti-
body that binds an epitope on RSPO3 that overlaps with the
epitope on RSPO3 bound by an antibody of the invention. In
some embodiments, the RSPO3-binding agent is an antibody
that binds an epitope on RSPO3 that overlaps with the epitope
on RSPO3 bound by antibody 131R002 or antibody
131R003. In another embodiment, the RSPO3-binding agent
is an antibody that binds an epitope on RSPO3 that overlaps
with the epitope on RSPO3 bound by a variant of antibody
131R003. In some embodiments, the RSPO3-binding agent is
an antibody that binds an epitope on RSPO3 that overlaps
with the epitope on RSPO3 bound by a humanized version of
antibody 131R003. In certain embodiments, the RSPO3-
binding agent is an antibody that binds an epitope on RSPO3
that overlaps with the epitope on RSPO3 bound by antibody
h131R006A or antibody h131R006B. In certain embodi-
ments, the RSPO3-binding agent is an antibody that binds an
epitope on RSPO3 that overlaps with the epitope on RSPO3
bound by antibody h131R005/131R007. In certain embodi-
ments, the RSPO3-binding agent is an antibody that binds an
epitope on RSPO3 that overlaps with the epitope on RSPO3
bound by antibody h131R008. In certain embodiments, the
RSPO3-binding agent is an antibody that binds an epitope on
RSPO3 that overlaps with the epitope on RSPO3 bound by
antibody h131R010. In certain embodiments, the RSPO3-
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binding agent is an antibody that binds an epitope on RSPO3
that overlaps with the epitope on RSPO3 bound by antibody
h131RO11.

In certain embodiments, the RSPO-binding agent (e.g., an
antibody) described herein binds at least one human RSPO
protein and modulates RSPO activity. In some embodiments,
the RSPO-binding agent is a RSPO antagonist and decreases
RSPO activity. In some embodiments, the RSPO-binding
agent is a RSPO antagonist and decreases [3-catenin activity.

In certain embodiments, a RSPO3-binding agent (e.g., an
antibody) described herein binds human RSPO3 and modu-
lates RSPO3 activity. In some embodiments, a RSPO3-bind-
ing agent is a RSPO3 antagonist and decreases RSPO3 activ-
ity. In some embodiments, a RSPO3-binding agent is a
RSPO3 antagonist and decreases [-catenin activity.

In certain embodiments, the RSPO-binding agent (e.g., an
antibody) is an antagonist of at least one human RSPO pro-
tein. In some embodiments, the RSPO-binding agent is an
antagonist of at least one RSPO and inhibits RSPO activity. In
certain embodiments, the RSPO-binding agent inhibits
RSPO activity by at least about 10%, at least about 20%, at
least about 30%, at least about 50%, at least about 75%, at
least about 90%, or about 100%. In some embodiments, the
RSPO-binding agent inhibits activity of one, two, three, or
four RSPO proteins. In some embodiments, the RSPO-bind-
ing agent inhibits activity of human RSPO1, RSPO2, RSPO3,
and/or RSPO4. In some embodiments, the RSPO-binding
agent is a RSPO3-binding agent. In some embodiments, the
RSPO3-binding agent inhibits RSPO3 activity. In certain
embodiments, a RSPO3-binding agent that inhibits human
RSPO3 activity is antibody 131R002, antibody 131R003, or
a variant of 131R003. In certain embodiments, a RSPO3-
binding agent that inhibits human RSPO3 activity is a human-
ized version of antibody 131R002, antibody 131R003, or a
variant of 131R003. In certain embodiments, a RSPO3-bind-
ing agent that inhibits human RSPO3 activity is antibody
h131R006A or antibody h131R006B. In certain embodi-
ments, a RSPO3-binding agent that inhibits human RSPO3
activity is antibody h131R005/131R007. In certain embodi-
ments, a RSPO3-binding agent that inhibits human RSPO3
activity is antibody h131R008. In certain embodiments, a
RSPO3-binding agent that inhibits human RSPO3 activity is
antibody h131R010. In certain embodiments, a RSPO3-bind-
ing agent that inhibits human RSPO3 activity is antibody
h131RO11.

In certain embodiments, the RSPO-binding agent (e.g.,
antibody) is an antagonist of at least one human RSPO pro-
tein. In certain embodiments, the RSPO-binding agent inhib-
its RSPO signaling by at least about 10%, at least about 20%,
at least about 30%, at least about 50%, at least about 75%, at
least about 90%, or about 100%. In some embodiments, the
RSPO-binding agent inhibits signaling by one, two, three, or
four RSPO proteins. In some embodiments, the RSPO-bind-
ing agent inhibits signaling of human RSPO1, RSPO2,
RSPO3, and/or RSPO4. In some embodiments, the RSPO-
binding agent is a RSPO3-binding agent. In some embodi-
ments, the RSPO3-binding agent inhibits human RSPO3 sig-
naling. In certain embodiments, a RSPO3-binding agent that
inhibits RSPO3 signaling is antibody 131R002, antibody
131R003, or a variant of 131R003. In certain embodiments, a
RSPO3-binding agent that inhibits RSPO3 signaling is a
humanized version of antibody 131R002, antibody 131R003,
or a variant of 131R003. In certain embodiments, a RSPO3-
binding agent that inhibits human RSPO3 signaling is anti-
body h131R006A or antibody h131R006B. In certain
embodiments, a RSPO3-binding agent that inhibits human
RSPO3 signaling is antibody h131R005/131R007. In certain
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embodiments, a RSPO3-binding agent that inhibits human
RSPO3 signaling is antibody h131R008. In certain embodi-
ments, a RSPO3-binding agent that inhibits human RSPO3
signaling is antibody h131R010. In certain embodiments, a
RSPO3-binding agent that inhibits human RSPO3 signaling
is antibody h131R011.

In certain embodiments, the RSPO-binding agent (e.g.,
antibody) is an antagonist of f§-catenin signaling. In certain
embodiments, the RSPO-binding agent inhibits [-catenin
signaling by at least about 10%, at least about 20%, at least
about 30%, at least about 50%, at least about 75%, at least
about 90%, or about 100%. In some embodiments, the RSPO-
binding agent that inhibits [-catenin signaling is a RSPO3-
binding agent. In some embodiments, the RSPO3-binding
agent inhibits -catenin signaling. In certain embodiments, a
RSPO3-binding agent that inhibits f-catenin signaling is
antibody 131R002, antibody 131R003, or a variant of
131R003. In certain embodiments, a RSPO3-binding agent
that inhibits p-catenin signaling is a humanized version of
antibody 131R002, antibody 131R003, or a variant of
131R003. In certain embodiments, a RSPO3-binding agent
that inhibits [-catenin signaling is antibody h131R006A or
antibody h131R0006B. In certain embodiments, a RSPO3-
binding agent that inhibits f-catenin signaling is antibody
h131R005/131R007. In certain embodiments, a RSPO3-
binding agent that inhibits f-catenin signaling is antibody
h131R008. In certain embodiments, a RSPO3-binding agent
that inhibits $-catenin signaling is antibody h131R010. In
certain embodiments, a RSPO3-binding agent that inhibits
[-catenin signaling is antibody h131R011.

In certain embodiments, the RSPO-binding agent (e.g.,
antibody) inhibits binding of at least one RSPO protein to a
receptor. In certain embodiments, the RSPO-binding agent
inhibits binding of a human RSPO protein to one or more of
its receptors. In some embodiments, the RSPO-binding agent
inhibits binding of a RSPO protein to at least one LGR pro-
tein. In some embodiments, the RSPO-binding agent inhibits
binding of a RSPO protein to LGR4, LGRS, and/or LGR6. In
some embodiments, a RSPO3-binding agent inhibits binding
of RSPO3 to LGR4. In some embodiments, a RSPO3-binding
agent inhibits binding of RSPO3 to LGRS. In some embodi-
ments, a RSPO3-binding agent inhibits binding of RSPO3 to
LGR-6. In certain embodiments, the inhibition of binding of
a RSPO-binding agent to at least one LGR protein is at least
about 10%, at least about 25%, at least about 50%, at least
about 75%, at least about 90%, or at least about 95%. In
certain embodiments, a RSPO-binding agent that inhibits
binding of at least one RSPO to at least one LGR protein
further inhibits B-catenin signaling. In certain embodiments,
a RSPO3-binding agent that inhibits binding of human
RSPO3 to at least one LGR protein is antibody 131R002,
antibody 131R003, or a variant of 131R003. In certain
embodiments, a RSPO3-binding agent that inhibits binding
of human RSPO3 to at least one LGR protein is a humanized
version of antibody 131R002, antibody 131R003, or a variant
0f'131R003. In certain embodiments, a RSPO3-binding agent
that inhibits binding of human RSPO3 to at least one LGR
protein is antibody h131R006A or antibody h131R006B. In
certain embodiments, a RSPO3-binding agent that inhibits
binding of human RSPO3 to at least one LGR protein is
antibody h131R005/131R007. In certain embodiments, a
RSPO3-binding agent that inhibits binding of human RSPO3
to at least one LGR protein is antibody h131R008. In certain
embodiments, a RSPO3-binding agent that inhibits binding
of human RSPO3 to at least one LGR protein is antibody
h131R010. In certain embodiments, a RSPO3-binding agent
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that inhibits binding of human RSPO3 to at least one LGR
protein is antibody h131R011.

In certain embodiments, the RSPO-binding agent (e.g.,
antibody) blocks binding of at least one RSPO to a receptor.
In certain embodiments, the RSPO-binding agent blocks
binding of a human RSPO protein to one or more of its
receptors. In some embodiments, the RSPO-binding agent
blocks binding of a RSPO to at least one LGR protein. In
some embodiments, the RSPO-binding agent blocks binding
of at least one RSPO protein to LGR4, LGRS, and/or LGR6.
In some embodiments, a RSPO3-binding agent blocks bind-
ing of RSPO3 to LGR4. In some embodiments, a RSPO3-
binding agent blocks binding of RSPO3 to LGRS. In some
embodiments, a RSPO3-binding agent blocks binding of
RSPO3 to LGR6. In certain embodiments, the blocking of
binding of a RSPO-binding agent to at least one LGR protein
is at least about 10%, at least about 25%, at least about 50%,
at least about 75%, at least about 90%, or at least about 95%.
In certain embodiments, a RSPO-binding agent that blocks
binding of at least one RSPO protein to at least one LGR
protein further inhibits p-catenin signaling. In certain
embodiments, a RSPO3-binding agent that blocks binding of
human RSPO3 to at least one LGR protein is antibody
131R002, antibody 131R003, or a variant of 131R003. In
certain embodiments, a RSPO3-binding agent that blocks
binding of human RSPO3 to at least one LGR protein is a
humanized version of antibody 131R002, antibody 131R003,
or a variant of 131R003. In certain embodiments, a RSPO3-
binding agent that blocks binding of human RSPO3 to at least
one LGR protein is antibody h131R006A or antibody
h131R006B. In certain embodiments, a RSPO3-binding
agent that blocks binding of human RSPO3 to at least one
LGR protein is antibody h131R005/131R007. In certain
embodiments, a RSPO3-binding agent that blocks binding of
human RSPO3 to at least one LGR protein is antibody
h131R008. In certain embodiments, a RSPO3-binding agent
that blocks binding of human RSPO3 to at least one LGR
protein is antibody h131R010. In certain embodiments, a
RSPO3-binding agent that blocks binding of human RSPO3
to at least one LGR protein is antibody h131R011.

In certain embodiments, the RSPO-binding agent (e.g., an
antibody) inhibits -catenin signaling. It is understood that a
RSPO-binding agent that inhibits f-catenin signaling may, in
certain embodiments, inhibit signaling by one or more recep-
tors in the P-catenin signaling pathway but not necessarily
inhibit signaling by all receptors. In certain alternative
embodiments, f-catenin signaling by all human receptors
may be inhibited. In certain embodiments, §-catenin signal-
ing by one or more receptors selected from the group consist-
ing of LGR4, LGRS, and LGR6 is inhibited. In certain
embodiments, the inhibition of P-catenin signaling by a
RSPO-binding agent is a reduction in the level of -catenin
signaling of at least about 10%, at least about 25%, at least
about 50%, at least about 75%, at least about 90%, or at least
about 95%. In some embodiments, a RSPO3-binding agent
that inhibits -catenin signaling is antibody 131R002, anti-
body 131R003, or a variant of 131R003. In some embodi-
ments, a RSPO3-binding agent that inhibits -catenin signal-
ing is a humanized version of antibody 131R002, antibody
131R003, or a variant of 131R003. In some embodiments, a
RSPO3-binding agent that inhibits p-catenin signaling is
antibody h131R006A or antibody h131R006B. In some
embodiments, a RSPO3-binding agent that inhibits f-catenin
signaling is antibody h131R005/131R007. In some embodi-
ments, a RSPO3-binding agent that inhibits -catenin signal-
ing is antibody h131R008. In some embodiments, a RSPO3-
binding agent that inhibits f-catenin signaling is antibody
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h131R010. In some embodiments, a RSPO3-binding agent
that inhibits f-catenin signaling is antibody h131R011.

In certain embodiments, the RSPO-binding agent (e.g., an
antibody) inhibits activation of p-catenin. It is understood that
a RSPO-binding agent that inhibits activation of p-catenin
may, in certain embodiments, inhibit activation of f-catenin
by one or more receptors, but not necessarily inhibit activa-
tion of P-catenin by all receptors. In certain alternative
embodiments, activation of §-catenin by all human receptors
may be inhibited. In certain embodiments, activation of
[-catenin by one or more receptors selected from the group
consisting of LGR4, LGRS, and LGR6 is inhibited. In certain
embodiments, the inhibition of activation of p-catenin by a
RSPO-binding agent is a reduction in the level of activation of
[p-catenin of at least about 10%, at least about 25%, at least
about 50%, at least about 75%, at least about 90%, or at least
about 95%. In some embodiments, a RSPO3-binding agent
that inhibits activation of f-catenin is antibody 131R002,
antibody 131R003, or a variant of 131R003. In some embodi-
ments, a RSPO3-binding agent that inhibits activation of
[-catenin is a humanized version of antibody 131R002, anti-
body 131R003, or a variant of 131R003. In some embodi-
ments, a RSPO3-binding agent that inhibits activation of
[p-catenin is antibody 131R006A or antibody h131R006B. In
some embodiments, a RSPO3-binding agent that inhibits
activation of f-catenin is antibody h131R005/131R007. In
some embodiments, a RSPO3-binding agent that inhibits
activation of f-catenin is antibody h131R008. In some
embodiments, a RSPO3-binding agent that inhibits activation
of B-catenin is antibody h131R010. In some embodiments, a
RSPO3-binding agent that inhibits activation of f-catenin is
antibody h131R011.

In vivo and in vitro assays for determining whether a
RSPO-binding agent (or candidate RSPO-binding agent)
inhibits P-catenin signaling are known in the art. For
example, cell-based, luciferase reporter assays utilizing a
TCF/Luc reporter vector containing multiple copies of the
TCF-binding domain upstream of a firefly luciferase reporter
gene may be used to measure f3-catenin signaling levels in
vitro (Gazit et al., 1999, Oncogene, 18; 5959-66; TOPflash,
Millipore, Billerica Mass.). The level of p-catenin signaling
in the presence of one or more Wnts (e.g., Wnt(s) expressed
by transfected cells or provided by Wnt-conditioned media)
with or without a RSPO protein or RSPO-conditioned media
in the presence of a RSPO-binding agent is compared to the
level of signaling without the RSPO-binding agent present. In
addition to the TCF/Luc reporter assay, the effect of a RSPO-
binding agent (or candidate agent) on [-catenin signaling
may be measured in vitro or in vivo by measuring the effect of
the agent on the level of expression of p-catenin-regulated
genes, such as c-myc (He et al., 1998, Science, 281:1509-12),
cyclin D1 (Tetsu et al., 1999, Nature, 398:422-6) and/or
fibronectin (Gradl et al. 1999, Mol. Cell. Biol., 19:5576-87).
In certain embodiments, the effect of a RSPO-binding agent
on B-catenin signaling may also be assessed by measuring the
effect of the agent on the phosphorylation state of Dishev-
elled-1, Dishevelled-2, Dishevelled-3, LRP5, LRP6, and/or
[-catenin.

In certain embodiments, the RSPO3-binding agents have
one or more of the following effects: inhibit proliferation of
tumor cells, inhibit tumor growth, reduce the tumorigenicity
of'a tumor, reduce the tumorigenicity of a tumor by reducing
the frequency of cancer stem cells in the tumor, inhibit tumor
growth, trigger cell death of tumor cells, induce cells in a
tumor to differentiate, differentiate tumorigenic cells to a
non-tumorigenic state, induce expression of differentiation
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markers in the tumor cells, prevent metastasis of tumor cells,
decrease survival of tumor cells, or modulate angiogenesis.

In certain embodiments, the RSPO3-binding agents are
capable of inhibiting tumor growth. In certain embodiments,
the RSPO3-binding agents are capable of inhibiting tumor
growth in vivo (e.g., in a xenograft mouse model, and/or in a
human having cancer). In certain embodiments, tumor
growth is inhibited at least about two-fold, about three-fold,
about five-fold, about ten-fold, about 50-fold, about 100-fold,
or about 1000-fold as compared to a untreated tumor.

In certain embodiments, the RSPO3-binding agents are
capable of reducing the tumorigenicity of a tumor. In certain
embodiments, the RSPO3-binding agent or antibody is
capable of reducing the tumorigenicity of'a tumor comprising
cancer stem cells in an animal model, such as a mouse
xenograft model. In certain embodiments, the RSPO3-bind-
ing agent or antibody is capable of reducing the tumorigenic-
ity of a tumor by decreasing the number or frequency of
cancer stem cells in the tumor. In certain embodiments, the
number or frequency of cancer stem cells in a tumor is
reduced by at least about two-fold, about three-fold, about
five-fold, about ten-fold, about 50-fold, about 100-fold, or
about 1000-fold. In certain embodiments, the reduction in the
number or frequency of cancer stem cells is determined by
limiting dilution assay using an animal model. Additional
examples and guidance regarding the use of limiting dilution
assays to determine a reduction in the number or frequency of
cancer stem cells in a tumor can be found, e.g., in Interna-
tional Publication Number WO 2008/042236, U.S. Patent
Publication No. 2008/0064049, and U.S. Patent Publication
No. 2008/0178305.

In certain embodiments, the RSPO3-binding agents
described herein have a circulating half-life in mice, cyno-
molgus monkeys, or humans of at least about 2 hours, at least
about 5 hours, at least about 10 hours, at least about 24 hours,
at least about 3 days, at least about 1 week, or at least about 2
weeks. In certain embodiments, the RSPO3-binding agent is
an IgG (e.g., IgG1 or 1g(G2) antibody that has a circulating
half-life in mice, cynomolgus monkeys, or humans of at least
about 2 hours, at least about 5 hours, at least about 10 hours,
at least about 24 hours, at least about 3 days, at least about 1
week, or at least about 2 weeks. Methods of increasing (or
decreasing) the half-life of agents such as polypeptides and
antibodies are known in the art. For example, known methods
of increasing the circulating half-life of IgG antibodies
include the introduction of mutations in the Fc region which
increase the pH-dependent binding of the antibody to the
neonatal Fe receptor (FcRn) at pH 6.0 (see, e.g., U.S. Patent
Publication Nos. 2005/0276799, 2007/0148164, and 2007/
0122403). Known methods of increasing the circulating half-
life of antibody fragments lacking the Fc region include such
techniques as PEGylation.

In some embodiments, the RSPO3-binding agents are
polyclonal antibodies. Polyclonal antibodies can be prepared
by any known method. In some embodiments, polyclonal
antibodies are produced by immunizing an animal (e.g., a
rabbit, rat, mouse, goat, donkey) with an antigen of interest
(e.g., a purified peptide fragment, full-length recombinant
protein, or fusion protein) using multiple subcutaneous or
intraperitoneal injections. The antigen can be optionally con-
jugated to a carrier such as keyhole limpet hemocyanin
(KLH) or serum albumin. The antigen (with or without a
carrier protein) is diluted in sterile saline and usually com-
bined with an adjuvant (e.g., Complete or Incomplete Fre-
und’s Adjuvant) to form a stable emulsion. After a sufficient
period of time, polyclonal antibodies are recovered from the
immunized animal, usually from blood or ascites. The poly-
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clonal antibodies can be purified from serum or ascites
according to standard methods in the art including, but not
limited to, affinity chromatography, ion-exchange chroma-
tography, gel electrophoresis, and dialysis.

In some embodiments, the RSPO3-binding agents are
monoclonal antibodies. Monoclonal antibodies can be pre-
pared using hybridoma methods known to one of skill in the
art (see e.g., Kohler and Milstein, 1975, Nature, 256:495-
497). In some embodiments, using the hybridoma method, a
mouse, hamster, or other appropriate host animal, is immu-
nized as described above to elicit from lymphocytes the pro-
duction of antibodies that specifically bind the immunizing
antigen. In some embodiments, lymphocytes can be immu-
nized in vitro. In some embodiments, the immunizing antigen
can be a human protein or a portion thereof. In some embodi-
ments, the immunizing antigen can be a mouse protein or a
portion thereof.

Following immunization, lymphocytes are isolated and
fused with a suitable myeloma cell line using, for example,
polyethylene glycol. The hybridoma cells are selected using
specialized media as known in the art and unfused lympho-
cytes and myeloma cells do not survive the selection process.
Hybridomas that produce monoclonal antibodies directed
specifically against a chosen antigen may be identified by a
variety of methods including, but not limited to, immunopre-
cipitation, immunoblotting, and in vitro binding assays (e.g.,
flow cytometry, FACS, ELISA, and radioimmunoassay). The
hybridomas can be propagated either in vitro culture using
standard methods (J. W. Goding, 1996, Monoclonal Antibod-
ies: Principles and Practice, 3" Edition, Academic Press, San
Diego, Calif.) or in vivo as ascites tumors in an animal. The
monoclonal antibodies can be purified from the culture
medium or ascites fluid according to standard methods in the
art including, but not limited to, affinity chromatography,
ion-exchange chromatography, gel electrophoresis, and
dialysis.

In certain embodiments, monoclonal antibodies can be
made using recombinant DNA techniques as known to one
skilled in the art. The polynucleotides encoding a monoclonal
antibody are isolated from mature B-cells or hybridoma cells,
such as by RT-PCR using oligonucleotide primers that spe-
cifically amplify the genes encoding the heavy and light
chains of the antibody, and their sequence is determined using
standard techniques. The isolated polynucleotides encoding
the heavy and light chains are then cloned into suitable
expression vectors which produce the monoclonal antibodies
when transfected into host cells such as E. coli, simian COS
cells, Chinese hamster ovary (CHO) cells, or myeloma cells
that do not otherwise produce immunoglobulin proteins.

In certain other embodiments, recombinant monoclonal
antibodies, or fragments thereof, can be isolated from phage
display libraries expressing variable domains or CDRs of a
desired species (see e.g., McCafferty et al.,, 1990, Nature,
348:552-554; Clackson et al., 1991, Nature, 352:624-628;
and Marks et al., 1991, J. Mol. Biol., 222:581-597).

The polynucleotide(s) encoding a monoclonal antibody
can be modified, for example, by using recombinant DNA
technology to generate alternative antibodies. In some
embodiments, the constant domains of the light and heavy
chains of, for example, a mouse monoclonal antibody can be
substituted for those regions of, for example, a human anti-
body to generate a chimeric antibody, or for a non-immuno-
globulin polypeptide to generate a fusion antibody. In some
embodiments, the constant regions are truncated or removed
to generate the desired antibody fragment of a monoclonal
antibody. Site-directed or high-density mutagenesis of the
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variable region can be used to optimize specificity, affinity,
etc. of a monoclonal antibody.

In some embodiments, a monoclonal antibody against
human RSPO3 is a humanized antibody. Typically, human-
ized antibodies are human immunoglobulins in which resi-
dues from the CDRs are replaced by residues from a CDR of
a non-human species (e.g., mouse, rat, rabbit, hamster, etc.)
that have the desired specificity, affinity, and/or binding capa-
bility using methods known to one skilled in the art. In some
embodiments, the Fv framework region residues of a human
immunoglobulin are replaced with the corresponding resi-
dues in an antibody from a non-human species that has the
desired specificity, affinity, and/or binding capability. In some
embodiments, a humanized antibody can be further modified
by the substitution of additional residues either in the Fv
framework region and/or within the replaced non-human resi-
dues to refine and optimize antibody specificity, affinity, and/
or capability. In general, a humanized antibody will comprise
substantially all of at least one, and typically two or three,
variable domain regions containing all, or substantially all, of
the CDRs that correspond to the non-human immunoglobulin
whereas all, or substantially all, of the framework regions are
those of a human immunoglobulin consensus sequence. In
some embodiments, a humanized antibody can also comprise
at least a portion of an immunoglobulin constant region or
domain (Fc), typically that of a human immunoglobulin. In
certain embodiments, such humanized antibodies are used
therapeutically because they may reduce antigenicity and
HAMA (human anti-mouse antibody) responses when
administered to a human subject. One skilled in the art would
be able to obtain a functional humanized antibody with
reduced immunogenicity following known techniques (see
e.g., U.S. Pat. Nos. 5,225,539; 5,585,089; 5,693,761; and
5,693,762).

In certain embodiments, the RSPO3-binding agent is a
human antibody. Human antibodies can be directly prepared
using various techniques known in the art. In some embodi-
ments, human antibodies may be generated from immortal-
ized human B lymphocytes immunized in vitro or from lym-
phocytes isolated from an immunized individual. In either
case, cells that produce an antibody directed against a target
antigen can be generated and isolated (see, e.g., Cole et al.,
1985, Monoclonal Antibodies and Cancer Therapy, Alan R.
Liss, p. 77; Boerner et al., 1991, J. Immunol., 147:86-95; and
U.S. Pat. Nos. 5,750,373; 5,567,610 and 5,229,275). In some
embodiments, the human antibody can be selected from a
phage library, where that phage library expresses human anti-
bodies (Vaughan et al., 1996, Nature Biotechnology, 14:309-
314; Sheets etal., 1998, PNAS, 95:6157-6162; Hoogenboom
and Winter, 1991, J. Mol. Biol., 227:381; Marks et al., 1991,
J. Mol. Biol., 222:581). Alternatively, phage display technol-
ogy can be used to produce human antibodies and antibody
fragments in vitro, from immunoglobulin variable domain
gene repertoires from unimmunized donors. Techniques for
the generation and use of antibody phage libraries are also
described in U.S. Pat. Nos. 5,969,108, 6,172,197, 5,885,793,
6,521,404; 6,544,731; 6,555,313; 6,582,915; 6,593,081
6,300,064, 6,653,068; 6,706,484; and 7,264,963; and Rothe
etal., 2008, J. Mol. Bio., 376:1182-1200. Once antibodies are
identified, affinity maturation strategies known in the art,
including but not limited to, chain shuffling (Marks et al.,
1992, Bio/Technology, 10:779-783) and site-directed
mutagenesis, may be employed to generate high affinity
human antibodies.

In some embodiments, human antibodies can be made in
transgenic mice that contain human immunoglobulin loci.
Upon immunization these mice are capable of producing the

5

10

15

20

25

30

35

40

45

50

55

60

65

56

full repertoire of human antibodies in the absence of endog-
enous immunoglobulin production. This approach is
described in U.S. Pat. Nos. 5,545,807, 5,545,806, 5,569,825,
5,625,126; 5,633,425; and 5,661,016.

This invention also encompasses bispecific antibodies that
specifically recognize at least one human RSPO protein.
Bispecific antibodies are capable of specifically recognizing
and binding at least two different antigens or epitopes. The
different epitopes can either be within the same molecule
(e.g., two epitopes on human RSPO3) or on different mol-
ecules (e.g., one epitope on RSPO3 and one epitope on
RSPO2). In some embodiments, a bispecific antibody has
enhanced potency as compared to an individual antibody or to
a combination of more than one antibody. In some embodi-
ments, a bispecific antibody has reduced toxicity as compared
to an individual antibody or to a combination of more than
one antibody. It is known to those of skill in the art that any
binding agent (e.g., antibody) may have unique pharmacoki-
netics (PK) (e.g., circulating half-life). In some embodi-
ments, a bispecific antibody has the ability to synchronize the
PK of two active binding agents wherein the two individual
binding agents have different PK profiles. In some embodi-
ments, a bispecific antibody has the ability to concentrate the
actions of two binding agents (e.g., antibodies) in a common
area (e.g., a tumor and/or tumor microenvironment). In some
embodiments, a bispecific antibody has the ability to concen-
trate the actions of two binding agents (e.g., antibodies) to a
common target (e.g., a tumor or a tumor cell). In some
embodiments, a bispecific antibody has the ability to target
the actions of two binding agents (e.g., antibodies) to more
than one biological pathway or function.

In certain embodiments, the bispecific antibody specifi-
cally binds RSPO3 and a second target. In certain embodi-
ments, the bispecific antibody specifically binds RSPO3 and
a second human RSPO (e.g., RSPO1, RSPO2, or RSPO4). In
certain embodiments, the bispecific antibody specifically
binds RSPO3 and RSPO2. In some embodiments, the bispe-
cific antibody is a monoclonal antibody. In some embodi-
ments, the bispecific antibody is a humanized antibody. In
some embodiments, the bispecific antibody is a human anti-
body. In some embodiments, the bispecific antibody is an
IgG1 antibody. In some embodiments, the bispecific antibody
is an IgGG2 antibody. In some embodiments, the bispecific
antibody has decreased toxicity and/or side effects. In some
embodiments, the bispecific antibody has decreased toxicity
and/or side effects as compared to a mixture of the two indi-
vidual antibodies or the antibodies as single agents. In some
embodiments, the bispecific antibody has an increased thera-
peutic index. In some embodiments, the bispecific antibody
has an increased therapeutic index as compared to a mixture
of the two individual antibodies or the antibodies as single
agents.

In some embodiments, the antibodies can specifically rec-
ognize and bind a first antigen target, (e.g., RSPO3) as well as
a second antigen target, such as an effector molecule on a
leukocyte (e.g., CD2, CD3, CD28, CTLA-4,CDS8O0, or CD86)
or a Fc receptor (e.g., CD64, CD32, or CD16) so as to focus
cellular defense mechanisms to the cell expressing and/or
producing the first antigen target. In some embodiments, the
antibodies can be used to direct cytotoxic agents to cells
which express a particular target antigen. These antibodies
possess an antigen-binding arm and an arm which binds a
cytotoxic agent or a radionuclide chelator, such as EOTUBE,
DPTA, DOTA, or TETA.

Techniques for making bispecific antibodies are known by
those skilled in the art, see for example, Millstein et al., 1983,
Nature, 305:537-539; Brennan et al., 1985, Science, 229:81;
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Suresh et al., 1986, Methods in Enzymol., 121:120; Traun-
ecker et al., 1991, EMBO J., 10:3655-3659; Shalaby et al.,
1992, J. Exp. Med., 175:217-225; Kostelny et al., 1992, J.
Immunol., 148:1547-1553; Gruber et al., 1994, J. Immunol.,
152:5368; U.S. Pat. No. 5,731,168; International Publication
No. WO 2009/089004; and U.S. Patent Publication No. 2011/
0123532. In some embodiments, the bispecific antibodies
comprise heavy chain constant regions with modifications in
the amino acids which are part of the interface between the
two heavy chains. In some embodiments, the bispecific anti-
bodies can be generated using a “knobs-into-holes” strategy
(see, e.g., U.S. Pat. No. 5,731,168; Ridgway et. al., 1996,
Prot. Engin., 9:617-621). In some cases, the “knobs” and
“holes” terminology is replaced with the terms “protuber-
ances” and “cavities”. In some embodiments, the bispecific
antibodies may comprise variant hinge regions incapable of
forming disulfide linkages between the heavy chains (see,
e.g., WO 2006/028936). In some embodiments, the modifi-
cations may comprise changes in amino acids that result in
altered electrostatic interactions. In some embodiments, the
modifications may comprise changes in amino acids that
result in altered hydrophobic/hydrophilic interactions.

Bispecific antibodies can be intact antibodies or antibody
fragments comprising antigen-binding sites. Antibodies with
more than two valencies are also contemplated. For example,
trispecific antibodies can be prepared (Tutt et al., 1991, J.
Immunol., 147:60). Thus, in certain embodiments the anti-
bodies to RSPO3 are multispecific.

In certain embodiments, the antibodies (or other polypep-
tides) described herein may be monospecific. In certain
embodiments, each of the one or more antigen-binding sites
that an antibody contains is capable of binding (or binds) a
homologous epitope on RSPO proteins. In certain embodi-
ments, an antigen-binding site of a monospecific antibody
described herein is capable of binding (or binds), for example,
RSPO3 and RSPO2 (i.e., the same epitope is found on both
RSPO3 and RSPO2 proteins).

In certain embodiments, the RSPO3-binding agent is an
antibody fragment. Antibody fragments may have different
functions or capabilities than intact antibodies; for example,
antibody fragments can have increased tumor penetration.
Various techniques are known for the production of antibody
fragments including, but not limited to, proteolytic digestion
of intact antibodies. In some embodiments, antibody frag-
ments include a F(ab')2 fragment produced by pepsin diges-
tion of an antibody molecule. In some embodiments, anti-
body fragments include a Fab fragment generated by
reducing the disulfide bridges of an F(ab')2 fragment. In other
embodiments, antibody fragments include a Fab fragment
generated by the treatment of the antibody molecule with
papain and a reducing agent. In certain embodiments, anti-
body fragments are produced recombinantly. In some
embodiments, antibody fragments include Fv or single chain
Fv (scFv) fragments. Fab, Fv, and scFv antibody fragments
can be expressed in and secreted from E. coli or other host
cells, allowing for the production of large amounts of these
fragments. In some embodiments, antibody fragments are
isolated from antibody phage libraries as discussed herein.
For example, methods can be used for the construction of Fab
expression libraries (Huse et al., 1989, Science, 246:1275-
1281) to allow rapid and effective identification of mono-
clonal Fab fragments with the desired specificity for a RSPO
protein or derivatives, fragments, analogs or homologs
thereof. In some embodiments, antibody fragments are linear
antibody fragments. In certain embodiments, antibody frag-
ments are monospecific or bispecific. In certain embodi-
ments, the RSPO3-binding agent is a scFv. Various tech-
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niques can be used for the production of single-chain
antibodies specific to one or more human RSPOs (see, e.g.,
U.S. Pat. No. 4,946,778).

It can further be desirable, especially in the case of anti-
body fragments, to modify an antibody in order to alter (e.g.,
increase or decrease) its serum half-life. This can be achieved,
for example, by incorporation of a salvage receptor binding
epitope into the antibody fragment by mutation of the appro-
priate region in the antibody fragment or by incorporating the
epitope into a peptide tag that is then fused to the antibody
fragment at either end or in the middle (e.g., by DNA or
peptide synthesis).

Heteroconjugate antibodies are also within the scope ofthe
present invention. Heteroconjugate antibodies are composed
of'two covalently joined antibodies. Such antibodies have, for
example, been proposed to target immune cells to unwanted
cells (see, e.g., U.S. Pat. No. 4,676,980). It is also contem-
plated that the heteroconjugate antibodies can be prepared in
vitro using known methods in synthetic protein chemistry,
including those involving crosslinking agents. For example,
immunotoxins can be constructed using a disulfide exchange
reaction or by forming a thioether bond. Examples of suitable
reagents for this purpose include iminothiolate and methyl-
4-mercaptobutyrimidate.

For the purposes of the present invention, it should be
appreciated that modified antibodies can comprise any type
of variable region that provides for the association of the
antibody with the target (i.e., human RSPO3). In this regard,
the variable region may comprise or be derived from any type
of mammal that can be induced to mount a humoral response
and generate immunoglobulins against the desired antigen.
As such, the variable region of the modified antibodies can be,
for example, of human, murine, non-human primate (e.g.
cynomolgus monkeys, macaques, etc.) or rabbit origin. In
some embodiments, both the variable and constant regions of
the modified immunoglobulins are human. In other embodi-
ments, the variable regions of compatible antibodies (usually
derived from a non-human source) can be engineered or spe-
cifically tailored to improve the binding properties or reduce
the immunogenicity of the molecule. In this respect, variable
regions useful in the present invention can be humanized or
otherwise altered through the inclusion of imported amino
acid sequences.

In certain embodiments, the variable domains in both the
heavy and light chains are altered by at least partial replace-
ment of one or more CDRs and, if necessary, by partial
framework region replacement and sequence modification
and/or alteration. Although the CDRs may be derived from an
antibody of the same class or even subclass as the antibody
from which the framework regions are derived, it is envisaged
that the CDRs may be derived from an antibody of different
class and often from an antibody from a different species. It
may not be necessary to replace all of the CDRs with all of the
CDRs from the donor variable region to transfer the antigen
binding capacity of one variable domain to another. Rather, it
may only be necessary to transfer those residues that are
required to maintain the activity of the antigen-binding site.

Alterations to the variable region notwithstanding, those
skilled in the art will appreciate that the modified antibodies
of this invention will comprise antibodies (e.g., full-length
antibodies or immunoreactive fragments thereof) in which at
least a fraction of one or more of the constant region domains
has been deleted or otherwise altered so as to provide desired
biochemical characteristics such as increased tumor localiza-
tion or increased serum half-life when compared with an
antibody of approximately the same immunogenicity com-
prising a native or unaltered constant region. In some embodi-
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ments, the constant region of the modified antibodies will
comprise a human constant region. Modifications to the con-
stant region compatible with this invention comprise addi-
tions, deletions or substitutions of one or more amino acids in
one or more domains. The modified antibodies disclosed
herein may comprise alterations or modifications to one or
more of the three heavy chain constant domains (CH1, CH2
or CH3) and/or to the light chain constant domain (CL). In
some embodiments, one or more domains are partially or
entirely deleted from the constant regions of the modified
antibodies. In some embodiments, the modified antibodies
will comprise domain deleted constructs or variants wherein
the entire CH2 domain has been removed (ACH2 constructs).
In some embodiments, the omitted constant region domain is
replaced by a short amino acid spacer (e.g., 10 amino acid
residues) that provides some of the molecular flexibility typi-
cally imparted by the absent constant region.

In some embodiments, the modified antibodies are engi-
neered to fuse the CH3 domain directly to the hinge region of
the antibody. In other embodiments, a peptide spacer is
inserted between the hinge region and the modified CH2
and/or CH3 domains. For example, constructs may be
expressed wherein the CH2 domain has been deleted and the
remaining CH3 domain (modified or unmodified) is joined to
the hinge region with a 5-20 amino acid spacer. Such a spacer
may be added to ensure that the regulatory elements of the
constant domain remain free and accessible or that the hinge
region remains flexible. However, it should be noted that
amino acid spacers may, in some cases, prove to be immuno-
genic and elicit an unwanted immune response against the
construct. Accordingly, in certain embodiments, any spacer
added to the construct will be relatively non-immunogenic so
as to maintain the desired biological qualities of the modified
antibodies.

In some embodiments, the modified antibodies may have
only a partial deletion of a constant domain or substitution of
a few or even a single amino acid. For example, the mutation
of a single amino acid in selected areas of the CH2 domain
may be enough to substantially reduce Fc binding and thereby
increase cancer cell localization and/or tumor penetration.
Similarly, it may be desirable to simply delete the part of one
or more constant region domains that control a specific effec-
tor function (e.g. complement C1q binding) to be modulated.
Such partial deletions of the constant regions may improve
selected characteristics of the antibody (serum half-life)
while leaving other desirable functions associated with the
subject constant region domain intact. Moreover, as alluded
to above, the constant regions of the disclosed antibodies may
be modified through the mutation or substitution of one or
more amino acids that enhances the profile of the resulting
construct. In this respect it may be possible to disrupt the
activity provided by a conserved binding site (e.g., Fc bind-
ing) while substantially maintaining the configuration and
immunogenic profile of the modified antibody. In certain
embodiments, the modified antibodies comprise the addition
of'one or more amino acids to the constant region to enhance
desirable characteristics such as decreasing or increasing
effector function or provide for more cytotoxin or carbohy-
drate attachment sites.

It is known in the art that the constant region mediates
several effector functions. For example, binding of the C1
component of complement to the Fe region of IgG or IgM
antibodies (bound to antigen) activates the complement sys-
tem. Activation of complement is important in the opsoniza-
tion and lysis of cell pathogens. The activation of complement
also stimulates the inflammatory response and can also be
involved in autoimmune hypersensitivity. In addition, the Fc
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region of an antibody can bind a cell expressing a Fc receptor
(FcR). T ere are a number of Fc receptors which are specific
for different classes of antibody, including IgG (gamma
receptors), IgE (epsilon receptors), IgA (alpha receptors) and
IgM (mu receptors). Binding of antibody to Fc receptors on
cell surfaces triggers a number of important and diverse bio-
logical responses including engulfiment and destruction of
antibody-coated particles, clearance of immune complexes,
lysis of antibody-coated target cells by killer cells (called
antibody-dependent cell cytotoxicity or ADCC), release of
inflammatory mediators, placental transfer, and control of
immunoglobulin production.

In certain embodiments, the modified antibodies provide
for altered effector functions that, in turn, affect the biological
profile of the administered antibody. For example, in some
embodiments, the deletion or inactivation (through point
mutations or other means) of a constant region domain may
reduce Fc receptor binding of the circulating modified anti-
body thereby increasing cancer cell localization and/or tumor
penetration. In other embodiments, the constant region modi-
fications increase the serum half-life of the antibody. In other
embodiments, the constant region modifications reduce the
serum half-life of the antibody. In some embodiments, the
constant region is modified to eliminate disulfide linkages or
oligosaccharide moieties. Modifications to the constant
region in accordance with this invention may easily be made
using well known biochemical or molecular engineering
techniques.

In certain embodiments, a RSPO3-binding agent that is an
antibody does not have one or more effector functions. For
instance, in some embodiments, the antibody has no ADCC
activity, and/or no complement-dependent cytotoxicity
(CDC) activity. In certain embodiments, the antibody does
not bind an Fc receptor, and/or complement factors. In certain
embodiments, the antibody has no effector function.

The present invention further embraces variants and
equivalents which are substantially homologous to the chi-
meric, humanized, and human antibodies, or antibody frag-
ments thereof, set forth herein. These can contain, for
example, conservative substitution mutations, i.e. the substi-
tution of one or more amino acids by similar amino acids. For
example, conservative substitution refers to the substitution
of an amino acid with another amino acid within the same
general class such as, for example, one acidic amino acid with
another acidic amino acid, one basic amino acid with another
basic amino acid or one neutral amino acid by another neutral
amino acid. What is intended by a conservative amino acid
substitution is well known in the art and described herein.

Thus, the present invention provides methods for produc-
ing an antibody that binds RSPO3, including bispecific anti-
bodies that specifically bind both RSPO3 and a second target
(e.g., ahuman RSPO). In some embodiments, the method for
producing an antibody that binds RSPO3 comprises using
hybridoma techniques. In some embodiments, a method for
producing an antibody that binds human RSPO3 is provided.
In some embodiments, the method comprises using amino
acids 22-272 of human RSPO3. In some embodiments, the
method comprises using amino acids 22-272 of SEQ ID
NO:3. In some embodiments, the method of generating an
antibody that binds RSPO3 comprises screening a human
phage library. The present invention further provides methods
of identifying an antibody that binds RSPO3. In some
embodiments, the antibody is identified by FACS screening
for binding to RSPO3 or a portion thereof. In some embodi-
ments, the antibody is identified by FACS screening for bind-
ing to RSPO3 and a second RSPO or a portion thereof. In
some embodiments, the antibody is identified by FACS
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screening for binding to both RSPO3 and RSPO?2 or a portion
thereof. In some embodiments, the antibody is identified by
screening using ELISA for binding to RSPO3. In some
embodiments, the antibody is identified by screening using
ELISA for binding to RSPO3 and a second RSPO. In some
embodiments, the antibody is identified by screening using
ELISA for binding to both RSPO3 and RSPO2. In some
embodiments, the antibody is identified by screening by
FACS for blocking of binding of RSPO3 to a human LGR
protein. In some embodiments, the antibody is identified by
screening for inhibition or blocking of p-catenin signaling.

In some embodiments, a method of generating an antibody
to human RSPO3 protein comprises immunizing a mammal
with a polypeptide comprising amino acids 22-272 of human
RSPO3. In some embodiments, a method of generating an
antibody to human RSPO3 protein comprises immunizing a
mammal with a polypeptide comprising at least a portion of
amino acids 22-272 of human RSPO3. In some embodiments,
the method further comprises isolating antibodies or anti-
body-producing cells from the mammal. In some embodi-
ments, a method of generating a monoclonal antibody which
binds RSPO3 protein comprises: (a) immunizing a mammal
with a polypeptide comprising at least a portion of amino
acids 22-272 of human RSPO3; (b) isolating antibody pro-
ducing cells from the immunized mammal; (c) fusing the
antibody-producing cells with cells of a myeloma cell line to
form hybridoma cells. In some embodiments, the method
further comprises (d) selecting a hybridoma cell expressing
anantibody that binds RSPO3 protein. In some embodiments,
the at least a portion of amino acids 22-272 of human RSPO3
is selected from the group consisting of SEQ ID NOs:5-8. In
some embodiments, the at least a portion of amino acids
22-272 of human RSPO3 is SEQ ID NO:5. In some embodi-
ments, the at least a portion of amino acids 22-272 of human
RSPO3 is SEQ ID NO:6 or SEQ ID NO:7. In some embodi-
ments, the at least a portion of amino acids 22-272 of human
RSPO3 is SEQ ID NO:6 and SEQ ID NO:7. In certain
embodiments, the mammal is a mouse. In some embodi-
ments, the antibody is selected using a polypeptide compris-
ing at least a portion of amino acid 22-272 of human RSPO3.
In certain embodiments, the polypeptide used for selection
comprising at least a portion of amino acids 22-272 of human
RSPO3 is selected from the group consisting of SEQ ID
NOs:5-8. In some embodiments, the antibody binds RSPO3
and at least one other RSPO protein. In certain embodiments,
the at least one other RSPO protein is selected from the group
consisting of RSPO1, RSPO2, and RSPO4. In certain
embodiments, the antibody binds RSPO3 and RSPOI1. In
certain embodiments, the antibody binds RSPO3 and RSPO2.
In certain embodiments, the antibody binds RSPO3 and
RSPOA4. In certain embodiments, the antibody binds RSPO3,
RSPO1, and RSPO2. In certain embodiments, the antibody
binds RSPO3, RSPO1, and RSPO4. In certain embodiments,
the antibody binds RSPO3, RSPO2, and RSPO4. In some
embodiments, the antibody binds both human RSPO3 and
mouse RSPO3.

In some embodiments, the antibody generated by the meth-
ods described herein is a RSPO antagonist, particularly a
RSPO3 antagonist. In some embodiments, the antibody gen-
erated by the methods described herein inhibits [f-catenin
signaling.

In some embodiments, a method of producing an antibody
to at least one human RSPO protein comprises identifying an
antibody using a membrane-bound heterodimeric molecule
comprising a single antigen-binding site. In some non-limit-
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ing embodiments, the antibody is identified using methods
and polypeptides described in International Publication WO
2011/100566.

In some embodiments, a method of producing an antibody
to at least one human RSPO protein comprises screening an
antibody-expressing library for antibodies that bind a human
RSPO protein. In some embodiments, the antibody-express-
ing library is a phage library. In some embodiments, the
screening comprises panning. In some embodiments, the
antibody-expressing library is a phage library.

In some embodiments, the antibody-expressing library is a
mammalian cell library. In some embodiments, the antibody-
expressing library is screened using at least a portion of amino
acids 22-272 of human RSPO3. In some embodiments, anti-
bodies identified in the first screening, are screened again
using a different RSPO protein thereby identifying an anti-
body that binds RSPO3 and a second RSPO protein. In certain
embodiments, the polypeptide used for screening comprises
at least a portion of amino acids 22-272 of human RSPO3
selected from the group consisting of SEQ ID NOs:5-8. In
some embodiments, the antibody identified in the screening
binds RSPO3 and at least one other RSPO protein.

In certain embodiments, the at least one other RSPO pro-
tein is selected from the group consisting of RSPO1, RSPO2,
and RSPOA4. In certain embodiments, the antibody identified
in the screening binds RSPO3 and RSPOL1. In certain embodi-
ments, the antibody identified in the screening binds RSPO3
and RSPO2. In certain embodiments, the antibody identified
in the screening binds RSPO3 and RSPO4. In some embodi-
ments, the antibody identified in the screening binds both
human RSPO3 and mouse RSPO3. In some embodiments,
the antibody identified in the screening is a RSPO3 antago-
nist. In some embodiments, the antibody identified in the
screening inhibits -catenin signaling induced by RSPO3.

In certain embodiments, the antibodies described herein
areisolated. In certain embodiments, the antibodies described
herein are substantially pure.

In some embodiments of the present invention, the RSPO3-
binding agents are polypeptides. The polypeptides can be
recombinant polypeptides, natural polypeptides, or synthetic
polypeptides comprising an antibody, or fragment thereof,
that bind RSPO3. It will be recognized in the art that some
amino acid sequences of the invention can be varied without
significant effect of the structure or function of the protein.
Thus, the invention further includes variations of the polypep-
tides which show substantial activity or which include
regions of an antibody, or fragment thereof, against human
RSPO3. In some embodiments, amino acid sequence varia-
tions of RSPO-binding polypeptides include deletions, inser-
tions, inversions, repeats, and/or other types of substitutions.

In certain embodiments, the polypeptides described herein
are isolated. In certain embodiments, the polypeptides
described herein are substantially pure.

The polypeptides, analogs and variants thereof, can be
further modified to contain additional chemical moieties not
normally part of the polypeptide. The derivatized moieties
can improve or otherwise modulate the solubility, the biologi-
cal half-life, and/or absorption of the polypeptide. The moi-
eties can also reduce or eliminate undesirable side effects of
the polypeptides and variants. An overview for chemical moi-
eties can be found in Remington: The Science and Practice of
Pharmacy, 22* Edition, 2012, Pharmaceutical Press, London.

The polypeptides described herein can be produced by any
suitable method known in the art. Such methods range from
direct protein synthesis methods to constructing a DNA
sequence encoding polypeptide sequences and expressing
those sequences in a suitable host. In some embodiments, a
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DNA sequence is constructed using recombinant technology
by isolating or synthesizing a DNA sequence encoding a
wild-type protein of interest. Optionally, the sequence can be
mutagenized by site-specific mutagenesis to provide func-
tional analogs thereof. See, e.g., Zoeller et al., 1984, PNAS,
81:5662-5066 and U.S. Pat. No. 4,588,585.

In some embodiments, a DNA sequence encoding a
polypeptide of interest may be constructed by chemical syn-
thesis using an oligonucleotide synthesizer. Oligonucleotides
can be designed based on the amino acid sequence of the
desired polypeptide and selecting those codons that are
favored in the host cell in which the recombinant polypeptide
of interest will be produced. Standard methods can be applied
to synthesize a polynucleotide sequence encoding an isolated
polypeptide of interest. For example, a complete amino acid
sequence can be used to construct a back-translated gene.
Further, a DNA oligomer containing a nucleotide sequence
coding for the particular isolated polypeptide can be synthe-
sized. For example, several small oligonucleotides coding for
portions of the desired polypeptide can be synthesized and
then ligated. The individual oligonucleotides typically con-
tain 5' or 3' overhangs for complementary assembly.

Once assembled (by synthesis, site-directed mutagenesis,
or another method), the polynucleotide sequences encoding a
particular polypeptide of interest can be inserted into an
expression vector and operatively linked to an expression
control sequence appropriate for expression of the protein in
a desired host. Proper assembly can be confirmed by nucle-
otide sequencing, restriction enzyme mapping, and/or
expression of a biologically active polypeptide in a suitable
host. As is well-known in the art, in order to obtain high
expression levels of atransfected gene in a host, the gene must
be operatively linked to transcriptional and translational
expression control sequences that are functional in the chosen
expression host.

In certain embodiments, recombinant expression vectors
are used to amplify and express DNA encoding antibodies, or
fragments thereof, against human RSPO3. For example,
recombinant expression vectors can be replicable DNA con-
structs which have synthetic or cDNA-derived DNA frag-
ments encoding a polypeptide chain of a RSPO-binding
agent, such as an anti-RSPO antibody, or fragment thereof,
operatively linked to suitable transcriptional and/or transla-
tional regulatory elements derived from mammalian, micro-
bial, viral or insect genes. A transcriptional unit generally
comprises an assembly of (1) a genetic element or elements
having a regulatory role in gene expression, for example,
transcriptional promoters or enhancers, (2) a structural or
coding sequence which is transcribed into mRNA and trans-
lated into protein, and (3) appropriate transcription and trans-
lation initiation and termination sequences. Regulatory ele-
ments can include an operator sequence to control
transcription. The ability to replicate in a host, usually con-
ferred by an origin of replication, and a selection gene to
facilitate recognition of transformants can additionally be
incorporated. DNA regions are “operatively linked” when
they are functionally related to each other. For example, DNA
for a signal peptide (secretory leader) is operatively linked to
DNA for a polypeptide if it is expressed as a precursor which
participates in the secretion of the polypeptide; a promoter is
operatively linked to a coding sequence if it controls the
transcription of the sequence; or a ribosome binding site is
operatively linked to a coding sequence if it is positioned so as
to permit translation. In some embodiments, structural ele-
ments intended for use in yeast expression systems include a
leader sequence enabling extracellular secretion of translated
protein by a host cell. In other embodiments, in situations
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where recombinant protein is expressed without a leader or
transport sequence, it can include an N-terminal methionine
residue. This residue can optionally be subsequently cleaved
from the expressed recombinant protein to provide a final
product.

The choice of an expression control sequence and an
expression vector depends upon the choice of host. A wide
variety of expression host/vector combinations can be
employed. Useful expression vectors for eukaryotic hosts
include, for example, vectors comprising expression control
sequences from SV40, bovine papilloma virus, adenovirus,
and cytomegalovirus. Useful expression vectors for bacterial
hosts include known bacterial plasmids, such as plasmids
from E. coli, including pCR1, pBR322, pMB9 and their
derivatives, and wider host range plasmids, such as M13 and
other filamentous single-stranded DNA phages.

The RSPO-binding agents (e.g., polypeptides or antibod-
ies) of the present invention can be expressed from one or
more vectors. For example, in some embodiments, one heavy
chain polypeptide is expressed by one vector, a second heavy
chain polypeptide is expressed by a second vector and a light
chain polypeptide is expressed by a third vector. In some
embodiments, a first heavy chain polypeptide and a light
chain polypeptide is expressed by one vector and a second
heavy chain polypeptide is expressed by a second vector. In
some embodiments, two heavy chain polypeptides are
expressed by one vector and a light chain polypeptide is
expressed by a second vector. In some embodiments, three
polypeptides are expressed from one vector. Thus, in some
embodiments, a first heavy chain polypeptide, a second heavy
chain polypeptide, and a light chain polypeptide are
expressed by a single vector.

Suitable host cells for expression of a RSPO3-binding
polypeptide or antibody (or a RSPO protein to use as an
antigen) include prokaryotes, yeast cells, insect cells, or
higher eukaryotic cells under the control of appropriate pro-
moters. Prokaryotes include gram-negative or gram-positive
organisms, for example E. coli or Bacillus. Higher eukaryotic
cells include established cell lines of mammalian origin as
described below. Cell-free translation systems may also be
employed. Appropriate cloning and expression vectors for
use with bacterial, fungal, yeast, and mammalian cellular
hosts are described in Pouwels et al., 1985, Cloning Vectors:
A Laboratory Manual, Elsevier, New York, N.Y. Additional
information regarding methods of protein production, includ-
ing antibody production, can be found, e.g., in U.S. Patent
Publication No. 2008/0187954, U.S. Pat. Nos. 6,413,746,
6,660,501; and International Patent Publication No. WO
04/009823.

Various mammalian culture systems may be used to
express recombinant polypeptides. Expression of recombi-
nant proteins in mammalian cells may be desirable because
these proteins are generally correctly folded, appropriately
modified, and biologically functional. Examples of suitable
mammalian host cell lines include, but are not limited to,
COS-7 (monkey kidney-derived), [.-929 (murine fibroblast-
derived), C127 (murine mammary tumor-derived), 3T3 (mu-
rine fibroblast-derived), CHO (Chinese hamster ovary-de-
rived), HelLa (human cervical cancer-derived), BHK
(hamster kidney fibroblast-derived), HEK-293 (human
embryonic kidney-derived) cell lines and variants thereof.
Mammalian expression vectors can comprise non-tran-
scribed elements such as an origin of replication, a suitable
promoter and enhancer linked to the gene to be expressed, and
other 5' or 3' flanking non-transcribed sequences, and 5' or 3'
non-translated sequences, such as necessary ribosome bind-
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ing sites, a polyadenylation site, splice donor and acceptor
sites, and transcriptional termination sequences.

Expression of recombinant proteins in insect cell culture
systems (e.g., baculovirus) also offers a robust method for
producing correctly folded and biologically functional pro-
teins. Baculovirus systems for production of heterologous
proteins in insect cells are well-known to those of skill in the
art (see, e.g., Luckow and Summers, 1988, Bio/Technology,
6:47).

Thus, the present invention provides cells comprising the
RSPO3-binding agents described herein. In some embodi-
ments, the cells produce the RSPO3-binding agents described
herein. In certain embodiments, the cells produce an anti-
body. In some embodiments, the cells produce an antibody
that binds human RSPO3. In certain embodiments, the cells
produce antibody 131R002. In certain embodiments, the cells
produce antibody 131R003. In certain embodiments, the cells
produce variants of antibody 131R003. In certain embodi-
ments, the cells produce a humanized version of antibody
131R002, antibody 131R003, or variants of antibody
131R003. In some embodiments, the cells produce a chimeric
version of antibody 131R002, antibody 131R003, or variants
of antibody 131R003. In some embodiments, the cells pro-
duce antibody h131R006A or antibody h131R006B. In some
embodiments, the cells produce antibody h131R005/
131R007. In some embodiments, the cells produce antibody
h131R008. In some embodiments, the cells produce antibody
h131R010. In some embodiments, the cells produce antibody
h131R011. In some embodiments, the cells produce a bispe-
cific antibody that binds RSPO3. In some embodiments, the
cells produce a bispecific antibody that binds RSPO3 and
RSPO2.In some embodiments, the cell is a hybridoma cell. In
some embodiments, the cell is a mammalian cell. In some
embodiments, the cell is a prokaryotic cell. In some embodi-
ments, the cell is an eukaryotic cell.

The proteins produced by a transformed host can be puri-
fied according to any suitable method. Standard methods
include chromatography (e.g., ion exchange, affinity, and siz-
ing column chromatography), centrifugation, differential
solubility, or by any other standard technique for protein
purification. Affinity tags such as hexa-histidine, maltose
binding domain, influenza coat sequence, and glutathione-S-
transferase can be attached to the protein to allow easy puri-
fication by passage over an appropriate affinity column.
Affinity chromatography used for purifying immunoglobu-
lins can include Protein A, Protein C, and Protein L. chroma-
tography. Isolated proteins can be physically characterized
using such techniques as proteolysis, size exclusion chroma-
tography (SEC), mass spectrometry (MS), nuclear magnetic
resonance (NMR), isoelectric focusing (IEF), high perfor-
mance liquid chromatography (HPLC), and x-ray crystallog-
raphy. The purity ofisolated proteins can be determined using
techniques known to those of skill in the art, including but not
limited to, SDS-PAGE, SEC, capillary gel electrophoresis,
IEF, and capillary isoelectric focusing (cIEF).

In some embodiments, supernatants from expression sys-
tems which secrete recombinant protein into culture media
can be first concentrated using a commercially available pro-
tein concentration filter, for example, an Amicon or Millipore
Pellicon ultrafiltration unit. Following the concentration step,
the concentrate can be applied to a suitable purification
matrix. In some embodiments, an anion exchange resin can be
employed, for example, a matrix or substrate having pendant
diethylaminoethyl (DEAE) groups. The matrices can be acry-
lamide, agarose, dextran, cellulose, or other types commonly
employed in protein purification. In some embodiments, a
cation exchange step can be employed. Suitable cation
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exchangers include various insoluble matrices comprising
sulfopropyl or carboxymethyl groups. In some embodiments,
a hydroxyapatite media can be employed, including but not
limited to, ceramic hydroxyapatite (CHT). In certain embodi-
ments, one or more reverse-phase HPL.C steps employing
hydrophobic RP-HPL.C media, e.g., silica gel having pendant
methyl or other aliphatic groups, can be employed to further
purity a recombinant protein (e.g., a RSPO3-binding agent).
Some or all of the foregoing purification steps, in various
combinations, can be employed to provide a homogeneous
recombinant protein.

In some embodiments, heterodimeric proteins such as
bispecific antibodies are purified according the any of the
methods described herein. In some embodiments, anti-RSPO
bispecific antibodies are isolated and/or purified using at least
one chromatography step. In some embodiments, the at least
one chromatography step comprises affinity chromatography.
In some embodiments, the at least one chromatography step
further comprises anion exchange chromatography. In some
embodiments, the isolated and/or purified antibody product
comprises at least 90% heterodimeric antibody. In some
embodiments, the isolated and/or purified antibody product
comprises at least 95%, 96%, 97%, 98% or 99% het-
erodimeric antibody. In some embodiments, the isolated and/
or purified antibody product comprises about 100% het-
erodimeric antibody.

In some embodiments, recombinant protein produced in
bacterial culture can be isolated, for example, by initial
extraction from cell pellets, followed by one or more concen-
tration, salting-out, aqueous ion exchange, or size exclusion
chromatography steps. HPL.C can be employed for final puri-
fication steps. Microbial cells employed in expression of a
recombinant protein can be disrupted by any convenient
method, including freeze-thaw cycling, sonication, mechani-
cal disruption, or use of cell lysing agents.

Methods known in the art for purifying antibodies and
other proteins also include, for example, those described in
U.S. Patent Publication Nos. 2008/0312425, 2008/0177048,
and 2009/0187005.

In certain embodiments, the RSPO3-binding agent is a
polypeptide that is not an antibody. A variety of methods for
identifying and producing non-antibody polypeptides that
bind with high affinity to a protein target are known in the art.
See, e.g., Skerra, 2007, Curr. Opin. Biotechnol., 18:295-304;
Hosse et al., 2006, Protein Science, 15:14-27; Gill et al.,
2006, Curr. Opin. Biotechnol., 17:653-658; Nygren, 2008,
FEBSJ., 275:2668-76; and Skerra, 2008, FEBS J., 275:2677-
83. In certain embodiments, phage or mammalian display
technology may be used to produce and/or identify a RSPO3-
binding polypeptide. In certain embodiments, the polypep-
tide comprises a protein scaffold of a type selected from the
group consisting of protein A, protein G, a lipocalin, a
fibronectin domain, an ankyrin consensus repeat domain, and
thioredoxin.

In certain embodiments, the RSPO3-binding agents or
antibodies can be used in any one of a number of conjugated
(i.e. an immunoconjugate or radioconjugate) or non-conju-
gated forms. In certain embodiments, the antibodies can be
used in a non-conjugated form to harness the subject’s natural
defense mechanisms including complement-dependent cyto-
toxicity and antibody dependent cellular toxicity to eliminate
malignant or cancer cells.

In some embodiments, the RSPO3-binding agent (e.g., an
antibody or polypeptide) is conjugated to a cytotoxic agent. In
some embodiments, the cytotoxic agent is a chemotherapeu-
tic agent including, but not limited to, methotrexate, adriami-
cin, doxorubicin, melphalan, mitomycin C, chlorambuecil,
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daunorubicin or other intercalating agents. In some embodi-
ments, the cytotoxic agent is an enzymatically active toxin of
bacterial, fungal, plant, or animal origin, or fragments
thereof, including, but not limited to, diphtheria A chain,
non-binding active fragments of diphtheria toxin, exotoxin A
chain, ricin A chain, abrin A chain, modeccin A chain, alpha-
sarcin, Aleurites fordii proteins, dianthin proteins, Phytolaca
americana proteins (PAPI, PAPII, and PAP-S), Momordica
charantia inhibitor, curcin, crotin, Sapaonaria officinalis
inhibitor, gelonin, mitogellin, restrictocin, phenomycin, eno-
mycin, and the tricothecenes. In some embodiments, the cyto-
toxic agent is a radioisotope to produce a radioconjugate or a
radioconjugated antibody. A variety of radionuclides are
available for the production of radioconjugated antibodies
including, but not limited to, °°Y, *2°I, 13'1, 123, '*In, 3'1n,
1SR, 153Sm, ¢7Cu, *’Ga, 15Ho, 177Lu, *Re, **Re and
212Bj. Conjugates of an antibody and one or more small
molecule toxins, such as calicheamicins, maytansinoids, tri-
chothenes, and CC1065, and the derivatives of these toxins
that have toxin activity, can also be used. Conjugates of an
antibody and cytotoxic agent may be made using a variety of
bifunctional protein-coupling agents such as N-succinim-
idyl-3-(2-pyridyldithiol) propionate (SPDP), iminothiolane
(IT), bifunctional derivatives of imidoesters (such as dim-
ethyl adipimidate HC1), active esters (such as disuccinimidyl
suberate), aldehydes (such as glutareldehyde), bis-azido
compounds (such as bis(p-azidobenzoyl)hexanediamine),
bis-diazonium derivatives (such as bis-(p-diazoniumben-
zoyl)-ethylenediamine), diisocyanates (such as toluene 2,6-
diisocyanate), and bis-active fluorine compounds (such as
1,5-difluoro-2,4-dinitrobenzene).

II1. Polynucleotides

In certain embodiments, the invention encompasses poly-
nucleotides comprising polynucleotides that encode a
polypeptide (or a fragment of a polypeptide) that specifically
binds RSPO3. The term “polynucleotides that encode a
polypeptide” encompasses a polynucleotide which includes
only coding sequences for the polypeptide as well as a poly-
nucleotide which includes additional coding and/or non-cod-
ing sequences. For example, in some embodiments, the
invention provides a polynucleotide comprising a polynucle-
otide sequence that encodes an antibody to human RSPO3 or
encodes a fragment of such an antibody (e.g., a fragment
comprising the antigen-binding site). The polynucleotides of
the invention can be in the form of RNA or in the form of
DNA. DNA includes cDNA, genomic DNA, and synthetic
DNA; and can be double-stranded or single-stranded, and if
single stranded can be the coding strand or non-coding (anti-
sense) strand.

In certain embodiments, the polynucleotide comprises a
polynucleotide encoding a polypeptide comprising an amino
acid sequence selected from the group consisting of: SEQ ID
NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:21,
SEQ ID NO:22, SEQ 1D NO:23, SEQ ID NO:27, SEQ 1D
NO:28, SEQ ID NO:29, SEQ ID NO:36, SEQ ID NO:37,
SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:41, SEQ 1D
NO:42, SEQ ID NO:44, SEQ 1D NO:45, SEQ ID NO:46,
SEQ ID NO:47, SEQ 1D NO:48, SEQ ID NO:49, SEQ 1D
NO:62, SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:68,
SEQ ID NO:69, SEQ ID NO:72, SEQ ID NO:73, SEQ 1D
NO:74, SEQ ID NO:86, SEQ ID NO:87, and SEQ ID NO:88.
In some embodiments, the polynucleotide comprises a poly-
nucleotide sequence selected from the group consisting of:
SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ 1D
NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:30,
SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:40, SEQ 1D
NO:43, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52,
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SEQ ID NO:53, SEQ ID NO:54, SEQ ID NO:55, SEQ 1D
NO:65, SEQ ID NO:66, SEQ ID NO:67, SEQ ID NO:70,
SEQ ID NO:71, SEQ ID NO:75, SEQ ID NO:76, SEQ 1D
NO:77, SEQ ID NO:84, SEQ ID NO:85, SEQ ID NO:89,
SEQ ID NO:90, SEQ ID NO:91, SEQ ID NO:92, SEQ 1D
NO:93, SEQ ID NO:94, and SEQ ID NO:95.

In some embodiments, a plasmid comprises a polynucle-
otide comprising SEQ ID NO:18. In some embodiments, a
plasmid comprises a polynucleotide comprising SEQ 1D
NO:19. In some embodiments, a plasmid comprises a poly-
nucleotide comprising SEQ ID NO:20. In some embodi-
ments, a plasmid comprises a polynucleotide comprising
SEQ ID NO:24. In some embodiments, a plasmid comprises
a polynucleotide comprising SEQ ID NO:25. In some
embodiments, a plasmid comprises a polynucleotide com-
prising SEQ ID NO:26. In some embodiments, a plasmid
comprises a polynucleotide comprising SEQ ID NO:30. In
some embodiments, a plasmid comprises a polynucleotide
comprising SEQ ID NO:31. In some embodiments, a plasmid
comprises a polynucleotide comprising SEQ ID NO:32. In
some embodiments, a plasmid comprises a polynucleotide
comprising SEQ ID NO:40. In some embodiments, a plasmid
comprises a polynucleotide comprising SEQ ID NO:43. In
some embodiments, a plasmid comprises a polynucleotide
comprising SEQ ID NO:50. In some embodiments, a plasmid
comprises a polynucleotide comprising SEQ ID NO:51. In
some embodiments, a plasmid comprises a polynucleotide
comprising SEQ ID NO:52. In some embodiments, a plasmid
comprises a polynucleotide comprising SEQ ID NO:53. In
some embodiments, a plasmid comprises a polynucleotide
comprising SEQ ID NO:54. In some embodiments, a plasmid
comprises a polynucleotide comprising SEQ ID NO:55. In
some embodiments, a plasmid comprises a polynucleotide
comprising SEQ ID NO:65. In some embodiments, a plasmid
comprises a polynucleotide comprising SEQ ID NO:66. In
some embodiments, a plasmid comprises a polynucleotide
comprising SEQ ID NO:67. In some embodiments, a plasmid
comprises a polynucleotide comprising SEQ ID NO:70. In
some embodiments, a plasmid comprises a polynucleotide
comprising SEQ ID NO:71. In some embodiments, a plasmid
comprises a polynucleotide comprising SEQ ID NO:75. In
some embodiments, a plasmid comprises a polynucleotide
comprising SEQ ID NO:76. In some embodiments, a plasmid
comprises a polynucleotide comprising SEQ ID NO:77. In
some embodiments, a plasmid comprises a polynucleotide
comprising SEQ ID NO:84. In some embodiments, a plasmid
comprises a polynucleotide comprising SEQ ID NO:85. In
some embodiments, a plasmid comprises a polynucleotide
comprising SEQ ID NO:89. In some embodiments, a plasmid
comprises a polynucleotide comprising SEQ ID NO:90. In
some embodiments, a plasmid comprises a polynucleotide
comprising SEQ ID NO:91. In some embodiments, a plasmid
comprises a polynucleotide comprising SEQ ID NO:92. In
some embodiments, a plasmid comprises a polynucleotide
comprising SEQ ID NO:93. In some embodiments, a plasmid
comprises a polynucleotide comprising SEQ ID NO:94. In
some embodiments, a plasmid comprises a polynucleotide
comprising SEQ ID NO:95.

In certain embodiments, the polynucleotide comprises a
polynucleotide having a nucleotide sequence at least about
80% identical, at least about 85% identical, at least about 90%
identical, at least about 95% identical, and in some embodi-
ments, at least about 96%, 97%, 98% or 99% identical to a
polynucleotide comprising a sequence selected from the
group consisting of SEQ ID NO:18, SEQ ID NO:19, SEQ ID
NO:20, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26,
SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ 1D
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NO:40, SEQ ID NO:43, SEQ ID NO:50, SEQ ID NO:51,
SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, SEQ 1D
NO:55, SEQ ID NO:65, SEQ ID NO:66, SEQ ID NO:67,
SEQ ID NO:70, SEQ ID NO:71, SEQ ID NO:75, SEQ 1D
NO:76, SEQ ID NO:77, SEQ ID NO:84, SEQ ID NO:85,
SEQ ID NO:89, SEQ ID NO:90, SEQ ID NO:91, SEQ 1D
NO:92, SEQ ID NO:93, SEQ ID NO:94, and SEQ ID NO:95.
Also provided is a polynucleotide that comprises a polynucle-
otide that hybridizes to SEQ ID NO:18, SEQ IDNO:19, SEQ
ID NO:20, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26,
SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ 1D
NO:32, SEQ ID NO:40, SEQ ID NO:43, SEQ ID NO:50,
SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ 1D
NO:54, SEQ ID NO:55, SEQ ID NO:65, SEQ ID NO:66,
SEQ ID NO:67, SEQ ID NO:70, SEQ ID NO:71, SEQ 1D
NO:75, SEQ ID NO:76, SEQ ID NO:77, SEQ ID NO:84,
SEQ ID NO:85, SEQ ID NO:89, SEQ ID N0:990, SEQ 1D
NO:91, SEQ ID NO:92, SEQ ID NO:93, SEQ ID NO:94, or
SEQ ID NO:95. Also provided is a polynucleotide that com-
prises a polynucleotide that hybridizes to the complement of
SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ 1D
NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:30,
SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:32, SEQ 1D
NO:40, SEQ ID NO:43, SEQ ID NO:50, SEQ ID NO:51,
SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, SEQ 1D
NO:55, SEQ ID NO:65, SEQ ID NO:66, SEQ ID NO:67,
SEQ ID NO:70, SEQ ID NO:71, SEQ ID NO:75, SEQ 1D
NO:76, SEQ ID NO:77, SEQ ID NO:84, SEQ ID NO:85,
SEQ ID NO:89, SEQ ID NO:90, SEQ ID NO:91, SEQ 1D
NO:92, SEQ ID NO:93, SEQ ID NO:94, or SEQ ID NO:95.
Incertain embodiments, the hybridization is under conditions
of high stringency.

In some embodiments, an antibody is encoded by a poly-
nucleotide comprising SEQ ID NO:18 and SEQ ID NO:20. In
some embodiments, an antibody is encoded by a polynucle-
otide comprising SEQ IDNO:19 and SEQ IDNO:20. Insome
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:50 and SEQ ID NO:20. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:51 and SEQ ID NO:20. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:65 and SEQ ID NO:20. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:18 and SEQ ID NO:75. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:19 and SEQ ID NO:75. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:50 and SEQ ID NO:75. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:51 and SEQ ID NO:75. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:65 and SEQ ID NO:75. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:95 and SEQ ID NO:89. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:92 and SEQ ID NO:89.

In some embodiments, an antibody is encoded by a poly-
nucleotide comprising SEQ ID NO:24 and SEQ ID NO:26. In
some embodiments, an antibody is encoded by a polynucle-
otide comprising SEQ IDNO:25 and SEQ IDNO:26. Insome
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:40 and SEQ ID NO:26. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:43 and SEQ ID NO:26. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:52 and SEQ ID NO:26. In some
embodiments, an antibody is encoded by a polynucleotide
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comprising SEQ ID NO:53 and SEQ ID NO:26. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:66 and SEQ ID NO:26. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:70 and SEQ ID NO:26. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:24 and SEQ ID NO:76. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:25 and SEQ ID NO:76. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:40 and SEQ ID NO:76. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:43 and SEQ ID NO:76. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:52 and SEQ ID NO:76. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:53 and SEQ ID NO:76. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:66 and SEQ ID NO:76. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:70 and SEQ ID NO:76. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:84 and SEQ ID NO:90. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:93 and SEQ ID NO:90.

In some embodiments, an antibody is encoded by a poly-
nucleotide comprising SEQ ID NO:30 and SEQ ID NO:32. In
some embodiments, an antibody is encoded by a polynucle-
otide comprising SEQ IDNO:31 and SEQ IDNO:32. Insome
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:54 and SEQ ID NO:32. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:55 and SEQ ID NO:32. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:67 and SEQ ID NO:32. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:71 and SEQ ID NO:32. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:30 and SEQ ID NO:77. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:31 and SEQ ID NO:77. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:54 and SEQ ID NO:77. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:55 and SEQ ID NO:77. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:67 and SEQ ID NO:77. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:71 and SEQ ID NO:77. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:85 and SEQ ID NO:91. In some
embodiments, an antibody is encoded by a polynucleotide
comprising SEQ ID NO:94 and SEQ ID NO:91.

In certain embodiments, the polynucleotides comprise the
coding sequence for the mature polypeptide fused in the same
reading frame to a polynucleotide which aids, for example, in
expression and secretion of a polypeptide from a host cell
(e.g., a leader sequence which functions as a secretory
sequence for controlling transport of a polypeptide from the
cell). The polypeptide having a leader sequence is a prepro-
tein and can have the leader sequence cleaved by the host cell
to form the mature form of the polypeptide. The polynucle-
otides can also encode for a proprotein which is the mature
protein plus additional 5' amino acid residues. A mature pro-
tein having a prosequence is a proprotein and is an inactive
form of the protein. Once the prosequence is cleaved an active
mature protein remains.
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In certain embodiments, the polynucleotides comprise the
coding sequence for the mature polypeptide fused in the same
reading frame to a marker sequence that allows, for example,
for purification of the encoded polypeptide. For example, the
marker sequence can be a hexa-histidine tag supplied by a
pQE-9 vector to provide for purification of the mature
polypeptide fused to the marker in the case of a bacterial host,
or the marker sequence can be a hemagglutinin (HA) tag
derived from the influenza hemagglutinin protein when a
mammalian host (e.g., COS-7 cells) is used. In some embodi-
ments, the marker sequence is a FLAG-tag, a peptide of
sequence DYKDDDDK (SEQ ID NO:33) which can be used
in conjunction with other affinity tags.

The present invention farther relates to variants of the here-
inabove described polynucleotides encoding, for example,
fragments, analogs, and/or derivatives.

In certain embodiments, the present invention provides
polynucleotides comprising polynucleotides having a nucle-
otide sequence at least about 80% identical, at least about
85% identical, at least about 90% identical, at least about 95%
identical, and in some embodiments, at least about 96%, 97%,
98% or 99% identical to a polynucleotide encoding a
polypeptide comprising a RSPO3-binding agent (e.g., an
antibody), or fragment thereof, described herein.

Asused herein, the phrase a polynucleotide having a nucle-
otide sequence at least, for example, 95% “identical” to a
reference nucleotide sequence is intended to mean that the
nucleotide sequence of the polynucleotide is identical to the
reference sequence except that the polynucleotide sequence
can include up to five point mutations per each 100 nucle-
otides of the reference nucleotide sequence. In other words, to
obtain a polynucleotide having a nucleotide sequence at least
95% identical to a reference nucleotide sequence, up to 5% of
the nucleotides in the reference sequence can be deleted or
substituted with another nucleotide, or a number of nucle-
otides up to 5% of the total nucleotides in the reference
sequence can be inserted into the reference sequence. These
mutations of the reference sequence can occur at the 5' or 3'
terminal positions of the reference nucleotide sequence or
anywhere between those terminal positions, interspersed
either individually among nucleotides in the reference
sequence or in one or more contiguous groups within the
reference sequence.

The polynucleotide variants can contain alterations in the
coding regions, non-coding regions, or both. In some embodi-
ments, a polynucleotide variant contains alterations which
produce silent substitutions, additions, or deletions, but does
not alter the properties or activities of the encoded polypep-
tide. In some embodiments, a polynucleotide variant com-
prises silent substitutions that result in no change to the amino
acid sequence of the polypeptide (dueto the degeneracy of the
genetic code). In some embodiments, nucleotide variants
comprise nucleotide sequences which result in expression
differences (e.g., increased or decreased expression) at the
transcript level. Polynucleotide variants can be produced for
a variety of reasons, for example, to optimize codon expres-
sion for a particular host (i.e., change codons in the human
mRNA to those preferred by a bacterial host such as E. coli).
In some embodiments, a polynucleotide variant comprises at
least one silent mutation in a non-coding or a coding region of
the sequence.

In some embodiments, a polynucleotide variant is pro-
duced to modulate or alter expression (or expression levels) of
the encoded polypeptide. In some embodiments, a polynucle-
otide variant is produced to increase expression of the
encoded polypeptide. In some embodiments, a polynucle-
otide variant is produced to decrease expression of the
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encoded polypeptide. In some embodiments, a polynucle-
otide variant has increased expression of the encoded
polypeptide as compared to a parental polynucleotide
sequence. In some embodiments, a polynucleotide variant
has decreased expression of the encoded polypeptide as com-
pared to a parental polynucleotide sequence.

In some embodiments, at least one polynucleotide variant
is produced (without changing the amino acid sequence of the
encoded polypeptide) to increase production of a heteromul-
timeric molecule. In some embodiments, at least one poly-
nucleotide variant is produced (without changing the amino
acid sequence of the encoded polypeptide) to increase pro-
duction of a bispecific antibody.

In certain embodiments, the polynucleotides are isolated.
In certain embodiments, the polynucleotides are substantially
pure.

Vectors comprising the polynucleotides described herein
are also provided. Cells comprising the polynucleotides
described herein are also provided. In some embodiments, an
expression vector comprises a polynucleotide molecule. In
some embodiments, a host cell comprises an expression vec-
tor comprising the polynucleotide molecule. In some
embodiments, a host cell comprises a polynucleotide mol-
ecule.

IV. Methods Of Use And Pharmaceutical Compositions

The RSPO3-binding agents (including polypeptides and
antibodies) of the invention are useful in a variety of applica-
tions including, but not limited to, therapeutic treatment
methods, such as the treatment of cancer. In certain embodi-
ments, the agents are useful for inhibiting p-catenin signal-
ing, inhibiting tumor growth, modulating angiogenesis,
inhibiting angiogenesis, inducing differentiation, reducing
tumor volume, reducing the frequency of cancer stem cells in
a tumor, and/or reducing the tumorigenicity of a tumor. The
methods of use may be in vitro, ex vivo, or in vivo methods.
In certain embodiments, a RSPO3-binding agent or polypep-
tide or antibody is an antagonist of human RSPO3.

In certain embodiments, the RSPO3-binding agents are
used in the treatment of a disease associated with activation of
[-catenin, increased p-catenin signaling, and/or aberrant
[-catenin signaling. In certain embodiments, the disease is a
disease dependent upon p-catenin signaling. In certain
embodiments, the RSPO3-binding agents are used in the
treatment of disorders characterized by increased angiogen-
esis. In certain embodiments, the RSPO3-binding agents are
used in the treatment of disorders characterized by increased
levels of stem cells and/or progenitor cells. In some embodi-
ments, the methods comprise administering a therapeutically
effective amount of a RSPO3-binding agent (e.g., antibody)
to a subject. In some embodiments, the subject is human.

The present invention provides methods for inhibiting
growth of a tumor using the RSPO3-binding agents or anti-
bodies described herein. In certain embodiments, the method
of inhibiting growth of a tumor comprises contacting a cell
with a RSPO3-binding agent (e.g., an antibody) in vitro. For
example, an immortalized cell line or a cancer cell line is
cultured in medium to which is added an anti-RSPO3 anti-
body or other agent to inhibit tumor growth. In some embodi-
ments, tumor cells are isolated from a patient sample such as,
for example, atissue biopsy, pleural effusion, or blood sample
and cultured in medium to which is added a RSPO3-binding
agent to inhibit tumor growth.

In some embodiments, the method of inhibiting growth of
atumor comprises contacting the tumor or tumor cells with a
RSPO3-binding agent (e.g., an antibody) in vivo. In certain
embodiments, contacting a tumor or tumor cell with a
RSPO3-binding agent is undertaken in an animal model. For
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example, a RSPO3-binding agent may be administered to
immunocompromised mice (e.g. NOD/SCID mice) which
have xenografts. In some embodiments, cancer cells or cancer
stem cells are isolated from a patient sample such as, for
example, a tissue biopsy, pleural effusion, or blood sample
and injected into immunocompromised mice that are then
administered a RSPO3-binding agent to inhibit tumor cell
growth. In some embodiments, a RSPO3-binding agent is
administered to the animal. In some embodiments, the
RSPO3-binding agent is administered at the same time or
shortly after introduction of tumorigenic cells into the animal
to prevent tumor growth (“preventative model”). In some
embodiments, the RSPO3-binding agent is administered as a
therapeutic after tumors have grown to a specified size
(“therapeutic model”). In some embodiments, the RSPO3-
binding agent is an antibody. In some embodiments, the
RSPO3-binding agent is an anti-RSPO3 antibody. In some
embodiments, the anti-RSPO3 antibody is antibody
131R002. In some embodiments, the anti-RSPO3 antibody is
a humanized version of antibody 131R002. In some embodi-
ments, the anti-RSPO3 antibody is antibody 131R003. In
some embodiments, the anti-RSPO3 antibody is a variant of
antibody 131R003. In some embodiments, the anti-RSPO3
antibody is a humanized version of antibody 131R003. In
some embodiments, the anti-RSPO3 antibody is a humanized
version of a variant of antibody 131R003. In some embodi-
ments, the anti-RSPO3 antibody is antibody h131R006A or
antibody h131R006B. In some embodiments, the anti-
RSPO3 antibody is antibody h131R005/131R007. In some
embodiments, the anti-RSPO3 antibody is antibody
h131R008. In some embodiments, the anti-RSPO3 antibody
is antibody h131R010. In some embodiments, the anti-
RSPO3 antibody is antibody h131R011.

in certain embodiments, the method of inhibiting growth of
a tumor comprises administering to a subject a therapeuti-
cally effective amount of a RSPO3-binding agent, wherein
the RSPO3-binding agent comprises a heavy chain CDR1
comprising KASGYTFTDYS (SEQ ID NO:9), KASGYTFT-
SYTF (SEQ ID NO:34), or DYSIH (SEQ ID NO:78), a heavy
chain CDR2 comprising [YPSNGDS (SEQ ID NO:10) or
YIYPSNGDSGYNQKFK (SEQ ID NO:79), and a heavy
chain CDR3 comprising ATYFANYFDY (SEQ ID NO:11),
ATYFANNFDY (SEQ ID NO:35), or TYFANNFD (SEQ ID
NO:80). In some embodiments of the method, the RSPO3-
binding agent further comprises a light chain CDR1 compris-
ing QSVDYDGDSYM (SEQ ID NO:12) or KASQS-
VDYDGDSYMN (SEQ ID NO:81), a light chain CDR2
comprising AAS (SEQ ID NO:13) or AASNLES (SEQ ID
NO:82), and a light chain CDR3 comprising QQSNEDPLT
(SEQ ID NO:14) or QQSNEDPLTF (SEQ ID NO:83). In
some embodiments, the RSPO3-binding agent comprises a
heavy chain CDR1 comprising KASGYTFTDYS (SEQ ID
NO:9), a heavy chain CDR2 comprising [YPSNGDS (SEQ
IDNO:10), and a heavy chain CDR3 comprising ATYFANY-
FDY (SEQIDNO:11), and/or a light chain CDR1 comprising
QSVDYDGDSYM (SEQ ID NO:12), a light chain CDR2
comprising AAS (SEQ ID NO:13), and a light chain CDR3
comprising QQSNEDPLT (SEQ ID NO:14). In some
embodiments, the RSPO3-binding agent comprises a heavy
chain CDR1 comprising KASGYTFTDYS (SEQIDNO:9),a
heavy chain CDR2 comprising IYPSNGDS (SEQ ID
NO:10), and a heavy chain CDR3 comprising ATYFANN-
FDY (SEQID NO:35), and/or a light chain CDR1 comprising
QSVDYDGDSYM (SEQ ID NO:12), a light chain CDR2
comprising AAS (SEQ ID NO:13), and a light chain CDR3
comprising QQSNEDPLT (SEQ ID NO:14). In some
embodiments, the RSPO3-binding agent comprises a heavy
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chain CDR1 comprising KASGYTFTSYTF (SEQ ID
NO:34), a heavy chain CDR2 comprising [IYPSNGDS (SEQ
1D NO:10), and a heavy chain CDR3 comprising ATYFAN-
NFDY (SEQ ID NO:35), and/or a light chain CDR1 compris-
ing QSVDYDGDSYM (SEQ ID NO:12), a light chain CDR2
comprising AAS (SEQ ID NO:13), and a light chain CDR3
comprising QQSNEDPLT (SEQ ID NO:14). In some
embodiments, the RSPO3-binding agent comprises a heavy
chain CDR1 comprising KASGYTFTDYS (SEQ ID NO:9)
or DYSIH (SEQ ID NO:78), aheavy chain CDR2 comprising
YIYPSNGDSGYNQKFK (SEQ ID NO:79), and a heavy
chain CDR3 comprising TYFANNFD (SEQ ID NO:80), and/
or a light chain CDR1 comprising KASQSVDYDGDSYMN
(SEQID NO:81), alight chain CDR2 comprising AASNLES
(SEQ ID NO:82), and a light chain CDR3 comprising
QQSNEDPLTF (SEQ ID NO:83). In some embodiments, the
RSPO3-binding agent comprises a heavy chain CDR1 com-
prising KASGYTFTDYS (SEQ ID NO:9) or DYSIH (SEQ
ID NO:78), a heavy chain CDR2 comprising
YIYPSNGDSGYNQKFK (SEQ ID NO:79), and a heavy
chain CDR3 comprising TYFANNFD (SEQ ID NO:80), and/
or a light chain CDR1 comprising KASQSVDYDGDSYMN
(SEQID NO:81), alight chain CDR2 comprising AASNLES
(SEQ ID NO:82), and a light chain CDR3 comprising
QQSNEDPLT (SEQ ID NO:14). In some embodiments, the
RSPO3-binding agent comprises a heavy chain CDR1 com-
prising KASGYTFTDYS (SEQ ID NO:9) or DYSIH (SEQ
ID NO:78), a heavy chain CDR2 comprising I[YPSNGDS
(SEQ ID NO:10), and a heavy chain CDR3 comprising
TYFANNFED (SEQ ID NO:80), and/or a light chain CDR1
comprising QSVDYDGDSYM (SEQ ID NO:12), a light
chain CDR2 comprising AAS (SEQ ID NO:13), and a light
chain CDR3 comprising QQSNEDPLT (SEQ ID NO:14).

In certain embodiments, the method of inhibiting growth of
a tumor comprises administering to a subject a therapeuti-
cally effective amount of a RSPO3-binding agent. In certain
embodiments, the subject is a human. In certain embodi-
ments, the subject has a tumor or has had a tumor which was
removed. In some embodiments, the subject has a tumor with
an elevated expression level of at least one RSPO protein
(e.g., RSPO1, RSPO2, RSPO3, or RSPO4). In some embodi-
ments, the subject has a tumor with a high expression level of
at least one RSPO protein (e.g., RSPO1, RSPO2, RSPO3, or
RSPO4). In some embodiments, the RSPO-binding agent is a
RSPO3-binding agent. In some embodiments, the RSPO3-
binding agent is an antibody. In some embodiments, the
RSPO3-binding agent is antibody 131R002. In some embodi-
ments, the anti-RSPO3 antibody is antibody 131R003. In
some embodiments, the anti-RSPO3 antibody is a variant of
antibody 131R003. In some embodiments, the anti-RSPO3
antibody is a humanized version of antibody 131R003. In
some embodiments, the anti-RSPO3 antibody is a humanized
version of a variant of antibody 131R003. In some embodi-
ments, the RSPO3-binding agent is antibody h131R006A or
antibody h131R006B. In some embodiments, the RSPO3-
binding agent is antibody h131R005/131R007. In some
embodiments, the RSPO3-binding agent is antibody
h131R008. In some embodiments, the RSPO3-binding agent
is antibody h131R1010. In some embodiments, the RSPO3-
binding agent is antibody h131R01.

In certain embodiments, the tumor is a tumor in which
p-catenin signaling is active. In some embodiments, the
tumor is a tumor in which f-catenin signaling is aberrant. In
certain embodiments, the tumor comprises an inactivating
mutation (e.g., a truncating mutation) in the APC tumor sup-
pressor gene. In certain embodiments, the tumor does not
comprise an inactivating mutation in the APC tumor suppres-
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sor gene. In some embodiments, the tumor comprises a wild-
type APC gene. In some embodiments, the tumor does not
comprise an activating mutation in the f-catenin gene. In
certain embodiments, a cancer for which a subject is being
treated involves such a tumor.

In some embodiments, the tumor comprises a RSPO gene
fusion. In some embodiments, the tumor comprises a RSPO2
gene fusion. In some embodiments, the tumor comprises a
RSPO3 gene fusion.

In certain embodiments, the tumor expresses RSPO3 to
which a RSPO3-binding agent or antibody binds. In certain
embodiments, the tumor has elevated expression levels of
RSPO1 or over-expresses RSPOL1. In certain embodiments,
the tumor has elevated expression levels of RSPO2 or over-
expresses RSPO2. In certain embodiments, the tumor has
elevated expression levels of RSPO3 or over-expresses
RSPO3. The phrase “a tumor has elevated expression levels
of” may refer to expression levels of a protein or expression
levels of a nucleic acid. In general, the phrase “a tumor has
elevated expression levels of” a protein or a gene (or similar
phrases) refers to expression levels of a protein or a gene in a
tumor as compared to expression levels of the same protein or
the same gene in a reference sample or to a pre-determined
expression level. In some embodiments, the reference sample
is normal tissue of the same tissue type. In some embodi-
ments, the reference sample is normal tissue of a group of
tissue types. In some embodiments, the reference sample is a
tumor or group of tumors of the same tissue type. In some
embodiments, the reference sample is a tumor or group of
tumors of a different tissue type. Thus in some embodiments,
the expression levels of a protein or a gene in a tumor are
“elevated” or “high” as compared to the average expression
level of the protein or the gene within a group of tissue types.
In some embodiments, the expression levels of a protein or a
gene in a tumor are “elevated” or “high” as compared to the
expression level of the protein or the gene in other tumors of
the same tissue type or a different tissue type. In some
embodiments, the tumor expresses “elevated” or “high” lev-
els of RSPO1, RSPO2, RSPO3, and/or RSPO4 as compared
to the RSPO levels expressed in normal tissue of the same
tissue type. In some embodiments, the tumor expresses
“elevated” or “high” levels of RSPO1, RSPO2, RSPO3, and/
or RSPO4 as compared to a predetermined level.

In addition, the invention provides a method of inhibiting
growth of a tumor in a subject, comprising administering a
therapeutically effective amount of a RSPO3-binding agent
to the subject. In certain embodiments, the tumor comprises
cancer stem cells. In certain embodiments, the frequency of
cancer stem cells in the tumor is reduced by administration of
the RSPO3-binding agent. The invention also provides a
method of reducing the frequency of cancer stem cells in a
tumor, comprising contacting the tumor with an effective
amount of a RSPO3-binding agent (e.g., an anti-RSPO3 anti-
body). In some embodiments, a method of reducing the fre-
quency of cancer stem cells in a tumor in a subject, compris-
ing administering to the subject a therapeutically effective
amount of a RSPO3-binding agent (e.g., an anti-RSPO3 anti-
body) is provided. In some embodiments, the RSPO3-bind-
ing agent is an antibody. In some embodiments, the RSPO3-
binding agent is an anti-RSPO3 antibody. In some
embodiments, the anti-RSPO3 antibody is 131R002. In some
embodiments, the anti-RSPO3 antibody is antibody
131R003. In some embodiments, the anti-RSPO3 antibody is
a variant of antibody 131R003. In some embodiments, the
anti-RSPO3 antibody is a humanized version of antibody
131R003. In some embodiments, the anti-RSPO3 antibody is
a humanized version of a variant of antibody 131R003. In
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some embodiments, the anti-RSPO3 antibody is antibody
h131R006A or antibody h131R006B. In some embodiments,
the anti-RSPO3 antibody is antibody h131R005/131R007. In
some embodiments, the anti-RSPO3 antibody is antibody
h131R008. In some embodiments, the anti-RSPO3 antibody
is antibody h131R010. In some embodiments, the anti-
RSPO3 antibody is antibody h131R011.

In some embodiments, the tumor is a solid tumor. In certain
embodiments, the tumor is a tumor selected from the group
consisting of colorectal tumor, pancreatic tumor, lung tumor,
ovarian tumor, liver tumor, breast tumor, kidney tumor, pros-
tate tumor, gastrointestinal tumor, melanoma, cervical tumor,
bladder tumor, glioblastoma, and head and neck tumor. As
used herein, “lung cancer” includes but is not limited to, small
cell lung carcinoma and non-small cell lung carcinoma
(NSCLQ). In certain embodiments, the tumor is a colorectal
tumor. In certain embodiments, the tumor is an ovarian tumor.
In some embodiments, the tumor is a lung tumor. In certain
embodiments, the tumor is a pancreatic tumor. In some
embodiments, the tumor is a colorectal tumor that comprises
an inactivating mutation in the APC gene. In some embodi-
ments, the tumor is a colorectal tumor that does not comprise
an inactivating mutation in the APC gene. In some embodi-
ments, the tumor is a colorectal tumor that contains a RSPO
gene fusion. In some embodiments, the tumor is a colorectal
tumor that contains a RSPO2 gene fusion. In some embodi-
ments, the tumor is a colorectal tumor that contains a RSPO3
gene fusion. In some embodiments, the tumor is an ovarian
tumor with an elevated expression level of RSPO1. In some
embodiments, the tumor is a pancreatic tumor with an
elevated expression level of RSPO2. In some embodiments,
the tumor is a colon tumor with an elevated expression level of
RSPO2. In some embodiments, the tumor is a lung tumor with
an elevated expression level of RSPO2. In some embodi-
ments, the tumor is a lung tumor with an elevated expression
level of RSPO3. In some embodiments, the tumor is an ova-
rian tumor with an elevated expression level of RSPO3. In
some embodiments, the tumor is a breast tumor with an
elevated expression level of RSPO3. In some embodiments,
the tumor is a colorectal tumor with an elevated expression
level of RSPO3.

The present invention further provides methods for treating
cancer comprising administering a therapeutically effective
amount of a RSPO3-binding agent to a subject. In certain
embodiments, the cancer is characterized by cells expressing
elevated levels of at least one RSPO protein as compared to
expression levels of the same RSPO protein in a reference
sample. As used herein, a “reference sample” includes but is
not limited to, normal tissue, non-cancerous tissue of the
same tissue type, tumor tissue of the same tissue type, and
tumor tissue of a different tissue type. In certain embodi-
ments, the cancer is characterized by cells expressing
elevated levels of at least one RSPO protein as compared to a
pre-determined level of the same RSPO protein. In some
embodiments, determining the expression level of at least one
RSPO is done prior to treatment. In some embodiments,
determining the expression level of at least one RSPO is by
immunohistochemistry. Thus, in certain embodiments, the
cancer is characterized by cells expressing elevated levels of
atleast one RSPO protein as compared to expression levels of
the same RSPO protein in normal tissue. In certain embodi-
ments, the cancer is characterized by cells over-expressing
RSPOL. In certain embodiments, the cancer is characterized
by cells over-expressing RSPO2. In certain embodiments, the
cancer is characterized by cells over-expressing RSPO3. In
certain embodiments, the cancer over-expresses at least one
RSPO protein selected from the group consisting of RSPO1,
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RSPO2, RSPO3, and/or RSPO4. In certain embodiments, the
cancer is characterized by cells expressing §-catenin, wherein
the RSPO3-binding agent (e.g., an antibody) interferes with
RSPO3-induced p-catenin signaling and/or activation.

In some embodiments, the RSPO-binding agent binds
RSPO3, and inhibits or reduces growth of the cancer. In some
embodiments, the RSPO-binding agent binds RSPO3, inter-
feres with RSPO3/LGR interactions, and inhibits or reduces
growth of the cancer. In some embodiments, the RSPO-bind-
ing agent binds RSPO3, inhibits [-catenin activation, and
inhibits or reduces growth of the cancer. In some embodi-
ments, the RSPO-binding agent binds RSPO3, and reduces
the frequency of cancer stem cells in the cancer. In some
embodiments, the RSPO-binding agent is an antibody. In
some embodiments, the RSPO-binding agent is an anti-
RSPO3 antibody. In some embodiments, the anti-RSPO3
antibody is antibody 131R002. In some embodiments, the
anti-RSPO3 antibody is antibody 131R003. In some embodi-
ments, the anti-RSPO3 antibody is a variant of antibody
131R003. In some embodiments, the anti-RSPO antibody is a
humanized version of antibody 131R002. In some embodi-
ments, the anti-RSPO antibody is a humanized version of
antibody 131R003. In some embodiments, the anti-RSPO
antibody is a humanized version of a variant of antibody
131R003. In some embodiments, the anti-RSPO3 antibody is
antibody h131R006A or antibody h131R006B. In some
embodiments, the anti-RSPO3 antibody is antibody
h131R005/131R007. In some embodiments, the anti-RSPO3
antibody is antibody h131R008. In some embodiments, the
anti-RSPO3 antibody is antibody h131R010. In some
embodiments, the anti-RSPO3 antibody is antibody
h131RO11.

The present invention provides for methods of treating
cancer comprising administering a therapeutically effective
amount of a RSPO3-binding agent to a subject (e.g., a subject
in need of treatment). In certain embodiments, the method of
treating cancer comprises administering to a subject a thera-
peutically effective amount of a RSPO3-binding agent,
wherein the RSPO3-binding agent comprises a heavy chain
CDRI comprising KASGYTFTDYS (SEQ ID NO:9), KAS-
GYTFTSYTF (SEQID NO:34), or DYSIH (SEQ ID NO:78),
a heavy chain CDR2 comprising IYPSNGDS (SEQ ID
NO:10) or YIYPSNGDSGYNQKFK (SEQ ID NO:79), and a
heavy chain CDR3 comprising ATYFANYFDY (SEQ ID
NO:11), ATYFANNFDY (SEQ ID NO:35), or TYFANNFD
(SEQ ID NO:80). In some embodiments of the method, the
RSPO3-binding agent further comprises a light chain CDR1
comprising QSVDYDGDSYM (SEQ ID NO:12) or KASQS-
VDYDGDSYMN (SEQ ID NO:81), alight chain CDR2 com-
prising AAS (SEQ ID NO:13) or AASNLES (SEQ ID
NO:82), and a light chain CDR3 comprising QQSNEDPLT
(SEQ ID NO:14) or QQSNEDPLTF (SEQ ID NO:83). In
some embodiments, the RSPO3-binding agent comprises a
heavy chain CDR1 comprising KASGYTFTDYS (SEQ ID
NO:9), a heavy chain CDR2 comprising [YPSNGDS (SEQ
IDNO:10), and a heavy chain CDR3 comprising ATYFANY-
FDY (SEQIDNO:11), and/or a light chain CDR1 comprising
QSVDYDGDSYM (SEQ ID NO:12), a light chain CDR2
comprising AAS (SEQ ID NO:13), and a light chain CDR3
comprising QQSNEDPLT (SEQ ID NO:14). In some
embodiments, the RSPO3-binding agent comprises a heavy
chain CDR1 comprising KASGYTFTDYS (SEQIDNO:9),a
heavy chain CDR2 comprising IYPSNGDS (SEQ ID
NO:10), and a heavy chain CDR3 comprising ATYFANN-
FDY (SEQID NO:35), and/or a light chain CDR1 comprising
QSVDYDGDSYM (SEQ ID NO:12), a light chain CDR2
comprising AAS (SEQ ID NO:13), and a light chain CDR3
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comprising QQSNEDPLT (SEQ ID NO:14). In some
embodiments, the RSPO3-binding agent comprises a heavy
chain CDR1 comprising KASGYTFTSYTF (SEQ ID
NO:34), a heavy chain CDR2 comprising [IYPSNGDS (SEQ
1D NO:10), and a heavy chain CDR3 comprising ATYFAN-
NFDY (SEQ ID NO:35), and/or a light chain CDR1 compris-
ing QSVDYDGDSYM (SEQ ID NO:12), a light chain CDR2
comprising AAS (SEQ ID NO:13), and a light chain CDR3
comprising QQSNEDPLT (SEQ ID NO:14). In some
embodiments, the RSPO3-binding agent comprises a heavy
chain CDR1 comprising KASGYTFTDYS (SEQ ID NO:9)
or DYSIH (SEQ ID NO:78), aheavy chain CDR2 comprising
YIYPSNGDSGYNQKFK (SEQ ID NO:79), and a heavy
chain CDR3 comprising TYFANNFD (SEQ ID NO:80), and/
or a light chain CDR1 comprising KASQSVDYDGDSYMN
(SEQID NO:81), alight chain CDR2 comprising AASNLES
(SEQ ID NO:82), and a light chain CDR3 comprising
QQSNEDPLTF (SEQ ID NO:83). In some embodiments, the
RSPO3-binding agent comprises a heavy chain CDR1 com-
prising KASGYTFTDYS (SEQ ID NO:9) or DYSIH (SEQ
ID NO:78), a heavy chain CDR2 comprising
YIYPSNGDSGYNQKFK (SEQ ID NO:79), and a heavy
chain CDR3 comprising TYFANNFD (SEQ ID NO:80), and/
or a light chain CDR1 comprising KASQSVDYDGDSYMN
(SEQID NO:81), alight chain CDR2 comprising AASNLES
(SEQ ID NO:82), and a light chain CDR3 comprising
QQSNEDPLT (SEQ ID NO:14). In some embodiments, the
RSPO3-binding agent comprises a heavy chain CDR1 com-
prising KASGYTFTDYS (SEQ ID NO:9) or DYSIH (SEQ
ID NO:78), a heavy chain CDR2 comprising I[YPSNGDS
(SEQ ID NO:10), and a heavy chain CDR3 comprising
TYFANNFED (SEQ ID NO:80), and/or a light chain CDR1
comprising QSVDYDGDSYM (SEQ ID NO:12), a light
chain CDR2 comprising AAS (SEQ ID NO:13), and a light
chain CDR3 comprising QQSNEDPLT (SEQ ID NO:14). In
certain embodiments, the subject is a human. In certain
embodiments, the subject has a cancerous tumor. In certain
embodiments, the subject has had a tumor removed. In some
embodiments, a method of treating cancer comprises admin-
istering a therapeutically effective amount of a RSPO3-bind-
ing agentto a subject, wherein the subject has a tumor thathas
elevated expression of at least one RSPO protein as compared
to a reference sample or a pre-determined level. In some
embodiments, the subject has a lung tumor that has elevated
expression of RSPO3 and is administered an anti-RSPO3
antibody.

The invention also provides a RSPO3-binding agent for
use in a method of treating cancer, wherein the RSPO3-
binding agent is an antibody described herein. The invention
also provides the use of an RSPO3-binding agent (e.g., an
antibody) described herein for the manufacture of a medica-
ment for the treatment of cancer.

In certain embodiments, the cancer is a cancer selected
from the group consisting of colorectal cancer, pancreatic
cancer, lung cancer, ovarian cancer, liver cancer, breast can-
cer, kidney cancer, prostate cancer, gastrointestinal cancer,
melanoma, cervical cancer, bladder cancer, glioblastoma, and
head and neck cancer. In certain embodiments, the cancer is
pancreatic cancer. In certain embodiments, the cancer is ova-
rian cancer. In certain embodiments, the cancer is colorectal
cancer. In certain embodiments, the cancer is breast cancer. In
certain embodiments, the cancer is prostate cancer. In certain
embodiments, the cancer is lung cancer.

In addition, the invention provides a method of reducing
the tumorigenicity of a tumor in a subject, comprising admin-
istering to a subject a therapeutically effective amount of a
RSPO3-binding agent. In certain embodiments, the tumor
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comprises cancer stem cells. In some embodiments, the tum-
origenicity of a tumor is reduced by reducing the frequency of
cancer stem cells in the tumor. In some embodiments, the
methods comprise using the RSPO3-binding agents
described herein. In certain embodiments, the frequency of
cancer stem cells in the tumor is reduced by administration of
a RSPO3-binding agent.

In certain embodiments, the methods further comprise a
step of determining the expression level of at least one RSPO
(i.e., protein or nucleic acid) in the tumor or cancer. In some
embodiments, the step of determining the expression level of
a RSPO in the tumor or cancer comprises determining the
expression level of RSPO1, RSPO2, RSPO3, and/or RSPO4.
In some embodiments, the expression level of RSPOL1,
RSPO2, RSPO3, and/or RSPO4 in a tumor or cancer is com-
pared to the expression level of RSPO1, RSPO2, RSPO3,
and/or RSPO4 in a reference sample. In some embodiments,
the expression level of RSPO1, RSPO2, RSPO3, and/or
RSPO4 in a tumor or cancer is compared to the expression
level of RSPO1, RSPO2, RSPO3, and/or RSPO4 in normal
tissue. In some embodiments, the level of expression of
RSPO1, RSPO2, RSPO3, and/or RSPO4 in a tumor or cancer
is compared to a pre-determined level of expression of
RSPO1, RSPO2, RSPO3, and/or RSPO4. In some embodi-
ments, the level of expression of RSPO1, RSPO2, RSPO3,
and/or RSPO4 in a tumor or cancer is compared to a pre-
determined level of expression of RSPO1, RSPO2, RSPO3,
and/or RSPO4 in normal tissue. In some embodiments, the
tumor has a high expression level of RSPO1. In some embodi-
ments, the tumor has a high expression level of RSPO3. In
general, the expression level of a RSPO (i.e., protein or
nucleic acid) is compared to the expression level of the RSPO
(i.e., protein or nucleic acid) in normal tissue of the same
tissue type. However, in some embodiments, the expression
level of a RSPO (i.e., protein or nucleic acid) is compared to
the average expression level of the RSPO (i.e., protein or
nucleic acid) within a group of tissue types. In some embodi-
ments, the expression levels of a RSPO (i.e., protein or
nucleic acid) in a tumor is compared to the expression level of
the RSPO (i.e., protein or nucleic acid) in other tumors of the
same tissue type or a different tissue type.

In some embodiments, determining the level of RSPO
expression is done prior to treatment. In some embodiments,
the subject is administered a RSPO3-binding agent or anti-
body describe herein if the tumor or cancer has an elevated
expression level of RSPO as compared to the expression level
of'the same RSPO in a reference sample (e.g., normal tissue)
or a pre-determined level. For example, in some embodi-
ments, the subject is administered a RSPO3-binding agent
(e.g., anti-RSPO3 antibody) if the tumor or cancer has an
elevated expression level of RSPO3 (i.e., protein or nucleic
acid) as compared to the expression level of RSPO3 in normal
or control tissue.

In certain embodiments, the methods further comprise a
step of determining if the tumor or cancer has an inactivating
mutation in the APC gene. In some embodiments, the meth-
ods further comprise a step of determining if the tumor or
cancer has an activating mutation in the -catenin gene. In
some embodiments, the methods further comprise a step of
determining if the tumor or cancer has a RSPO gene fusion.

In addition, the invention provides a method of modulating
angiogenesis, comprising administering to a subject a thera-
peutically effective amount of a RSPO3-binding agent. In
some embodiments, the modulating angiogenesis comprises
inhibiting angiogenesis. In some embodiments, the methods
comprise using the RSPO3-binding agents described herein.
In certain embodiments, the RSPO3-binding agent binds
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RSPO3 and inhibits or reduces angiogenesis. In certain
embodiments, the inhibition and/or reduction of angiogenesis
inhibits or reduces growth of a tumor or cancer. In some
embodiments, the RSPO3-binding agent binds RSPO3 and
promotes aberrant angiogenesis. In some embodiments, the
RSPO3-binding agent binds RSPO3 and promotes unproduc-
tive angiogenesis. In certain embodiments, the aberrant
angiogenesis or the unproductive angiogenesis inhibits or
reduces growth of a tumor or cancer.

In addition, the present invention provides methods of
identifying a human subject for treatment with a RSPO-bind-
ing agent, comprising determining if the subject has a tumor
that has an elevated expression level of RSPO (i.e., protein or
nucleic acid) as compared to expression of the same RSPO
(i.e., protein or nucleic acid) in normal tissue, in a reference
sample, or to a pre-determined level of the RSPO protein. In
some embodiments, a method of identifying a human subject
for treatment with a RSPO3-binding agent comprises deter-
mining if the subject has a tumor that has an elevated expres-
sion level of RSPO3 as compared to a reference sample or a
pre-determined level of RSPO3. In some embodiments, a
method of identifying a human subject for treatment with a
RSPO3-binding agent comprises: obtaining a tumor sample
from the subject, and determining if the tumor has an elevated
expression level of RSPO3 as compared to a reference sample
ora pre-determined level of RSPO3. In some embodiments, if
the tumor has an elevated expression level of RSPO3, the
subject is selected for treatment with an antibody that specifi-
cally binds RSPO3. In some embodiments, if selected for
treatment, the subject is administered a RSPO3-binding agent
or antibody describe herein. In some embodiments, if the
tumor has an elevated expression level of more than one
RSPO (i.e., protein or nucleic acid), the subject is adminis-
tered a RSPO-binding agent that binds the RSPO with the
highest level of expression. In certain embodiments, the sub-
jecthas had a tumor removed. For example, in some embodi-
ments, the expression level of RSPO1, RSPO2, RSPO3, and/
or RSPO4 in a tumor is determined, if the tumor has an
elevated level of RSPO3 expression as compared to the level
of RSPO3 in normal tissue, the subject is selected for treat-
ment with an antibody that specifically binds RSPO3. If
selected for treatment, the subject is administered an anti-
RSPO3 antibody describe herein. In some embodiments, the
RSPO3-binding agent is antibody 131R002. In some embodi-
ments, the RSPO3-binding agent is antibody 131R003. In
some embodiments, the RSPO3-binding agent is a variant of
antibody 131R003. In some embodiments, the RSPO3-bind-
ing agent is a humanized form of antibody 131R003. In some
embodiments, the RSPO3-binding agent is a humanized form
of'a variant of antibody 131R003. In some embodiments, the
RSPO3-binding agent is antibody h131R006A or antibody
h131R006B. In some embodiments, the RSPO3-binding
agent is antibody h131R005/131R007. In some embodi-
ments, the RSPO3-binding agent is antibody h131R008. In
some embodiments, the RSPO3-binding agent is antibody
h131R010. In some embodiments, the RSPO3-binding agent
is antibody h131R011.

The present invention provides methods of selecting a
human subject for treatment with a RSPO-binding agent,
comprising determining if the subject has a tumor that has an
elevated expression level of at least one RSPO (i.e., protein or
nucleic acid), as compared to expression of the same RSPO in
normal tissue or as compared to a predetermined level,
wherein if the tumor has an elevated expression level of at
least one RSPO, the subject is selected for treatment with an
antibody that specifically binds the RSPO with the elevated
expression level. In some embodiments, if selected for treat-
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ment, the subject is administered a RSPO-binding agent or
antibody describe herein. In some embodiments, a method of
selecting a human subject for treatment with an antibody that
specifically binds RSPO3 comprises: determining if the sub-
ject has a tumor that has an elevated expression level of
RSPO3 as compared to a reference sample or a pre-deter-
mined level of RSPO3. In some embodiments, a method of
selecting a human subject for treatment with an antibody that
specifically binds RSPO3 comprises obtaining a tumor
sample from the subject, and determining if the tumor has an
elevated expression level of RSPO3 as compared to a refer-
ence sample or a pre-determined level of RSPO3. In some
embodiments, a method of selecting a human subject for
treatment with an antibody that specifically binds RSPO3,
comprises determining if the subject has a tumor that has an
elevated expression level of RSPO3 as compared to a refer-
ence sample or a pre-determined level of RSPO3, wherein if
the tumor has an elevated expression level of RSPO3 the
subject is selected for treatment with the antibody. In some
embodiments, a method of selecting a human subject for
treatment with an antibody that specifically binds RSPO3,
comprises obtaining a tumor sample from the subject, and
determining if the tumor has an elevated expression level of
RSPO3 as compared to a reference sample or a pre-deter-
mined level of RSPO3, wherein if the tumor has an elevated
expression level of RSPO3 the subject is selected for treat-
ment with the antibody. In certain embodiments, the subject
has had a tumor removed. In some embodiments, the RSPO-
binding agent is a RSPO3-binding agent. In some embodi-
ments, the RSPO3-binding agent is an anti-RSPO3 antibody.
In some embodiments, the anti-RSPO3 antibody is antibody
131R002. In some embodiments, the anti-RSPO3 antibody is
antibody 131R003. In some embodiments, the anti-RSPO3
antibody is a variant of antibody 131R003. In some embodi-
ments, the anti-RSPO3 antibody is a humanized version of
antibody 131R002. In some embodiments, the anti-RSPO3
antibody is a humanized version of antibody 131R003. In
some embodiments, the anti-RSPO3 antibody is a humanized
version of a variant of antibody 131R003. In some embodi-
ments, the anti-RSPO3 antibody is antibody h131R006A or
h131R006B. In some embodiments, the anti-RSPO3 anti-
body is antibody h131R005/131R007. In some embodi-
ments, the anti-RSPO3 antibody is antibody h131R008. In
some embodiments, the anti-RSPO3 antibody is antibody
h131R010. In some embodiments, the anti-RSPO3 antibody
is antibody h131R011.

The present invention also provides methods of treating
cancer in a human subject, comprising: (a) selecting a subject
for treatment based, at least in part, on the subject having a
cancer that has an elevated level of a RSPO, and (b) admin-
istering to the subject a therapeutically effective amount of a
RSPO3-binding agent described herein. In some embodi-
ments, the RSPO3-binding agent is antibody 131R002. In
some embodiments, the RSPO3-binding agent is antibody
131R003. In some embodiments, the RSPO3-binding agent is
a variant of antibody 131R003. In some embodiments, the
anti-RSPO3 antibody is a humanized version of antibody
131R002. In some embodiments, the anti-RSPO3 antibody is
a humanized version of antibody 131R003. In some embodi-
ments, the anti-RSPO3 antibody is a humanized version of a
variant of antibody 131R003. In some embodiments, the anti-
RSPO3 antibody is antibody h131R006A or h131R006B. In
some embodiments, the anti-RSPO3 antibody is antibody
h131R005/131R007. In some embodiments, the anti-RSPO3
antibody is antibody h131R008. In some embodiments, the
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anti-RSPO3  antibody is antibody h131R010. In some
embodiments, the anti-RSPO3 antibody is antibody
h131RO11.

Methods for determining the level of RSPO expressionin a
cell, tumor or cancer are known by those of skill in the art. For
nucleic acid expression these methods include, but are not
limited to, PCR-based assays, microarray analyses and nucle-
otide sequencing (e.g., NextGen sequencing). For protein
expression these methods include, but are not limited to,
Western blot analysis, protein arrays, ELISAs, immunohis-
tochemistry (IHC) assays, and FACS.

The present invention provides methods of identifying a
human subject for treatment with a RSPO3-binding agent,
comprising obtaining a tumor sample from the subject, and
determining if the tumor has a RSPO gene fusion. In some
embodiments, a method of identifying a human subject for
treatment with a RSPO3-binding agent comprises: determin-
ing if the subject has a tumor that has a RSPO gene fusion,
wherein if the tumor has a RSPO gene fusion, then the subject
is selected for treatment with the antibody. In some embodi-
ments, a method of identifying a human subject for treatment
with a RSPO3-binding agent comprises: (a) obtaining a
tumor sample from the subject, and (b) determining if the
tumor has a RSPO gene fusion, wherein if the tumor has a
RSPO gene fusion, then the subject is selected for treatment
with the antibody. In some embodiments, a method of select-
ing a human subject for treatment with an antibody that spe-
cifically binds RSPO3, comprises determining if the subject
has a tumor that has a RSPO gene fusion.

The present invention also provides methods of selecting a
human subject for treatment with a RSPO-binding agent,
comprising determining if the subject has a tumor that has a
RSPO gene fusion, wherein if the tumor has a RSPO gene
fusion, the subject is selected for treatment with an antibody
that specifically binds a RSPO protein. In some embodi-
ments, a method of selecting a human subject for treatment
with an antibody that specifically binds RSPO3 comprises
determining if the subject has a tumor that has a RSPO gene
fusion. In some embodiments, a method of selecting a human
subject for treatment with an antibody that specifically binds
RSPO3, comprises obtaining a tumor sample from the sub-
ject, and determining if the tumor has a RSPO gene fusion. In
some embodiments, a method of selecting a human subject
for treatment with an antibody that specifically binds RSPO3,
comprises determining if the subject has a tumor that has a
RSPO gene fusion, wherein if the tumor has a RSPO gene
fusion the subject is selected for treatment with the antibody.
In some embodiments, a method of selecting a human subject
for treatment with an antibody that specifically binds RSPO3,
comprises obtaining a tumor sample from the subject, and
determining if the tumor has a RSPO gene fusion, wherein if
the tumor has a RSPO gene fusion the subject is selected for
treatment with the antibody. In some embodiments, the RSPO
gene fusion is a RSPO2 gene fusion. In some embodiments,
the RSPO gene fusion is a RSPO3 gene fusion. In some
embodiments, if selected for treatment, the subject is admin-
istered a RSPO-binding agent or antibody describe herein. In
certain embodiments, the subject has had a tumor removed. In
some embodiments, the RSPO-binding agent is a RSPO3-
binding agent. In some embodiments, the RSPO3-binding
agent is an anti-RSPO3 antibody. In some embodiments, the
anti-RSPO3 antibody is antibody 131R002. In some embodi-
ments, the anti-RSPO3 antibody is antibody 131R003. In
some embodiments, the anti-RSPO3 antibody is a variant of
antibody 131R003. In some embodiments, the anti-RSPO3
antibody is a humanized version of antibody 131R002. In
some embodiments, the anti-RSPO3 antibody is a humanized
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version of antibody 131R003. In some embodiments, the
anti-RSPO3 antibody is a humanized version of a variant of
antibody 131R003. In some embodiments, the anti-RSPO3
antibody is antibody h131R006A or h131R006B. In some
embodiments, the anti-RSPO3 antibody is antibody
h131R005/131R007. In some embodiments, the anti-RSPO3
antibody is antibody h131R008. In some embodiments, the
anti-RSPO3 antibody is antibody h131R010. In some
embodiments, the anti-RSPO3 antibody is antibody
h131RO11.

The present invention also provides methods of treating
cancer in a human subject, comprising: (a) selecting a subject
for treatment based, at least in part, on the subject having a
cancer that has a RSPO gene fusion, and (b) administering to
the subject a therapeutically effective amount of a RSPO3-
binding agent described herein. In some embodiments, the
RSPO3-binding agent is antibody 131R002. In some embodi-
ments, the RSPO3-binding agent is antibody 131R003. In
some embodiments, the RSPO3-binding agent is a variant of
antibody 131R003. In some embodiments, the anti-RSPO3
antibody is a humanized version of antibody 131R002. In
some embodiments, the anti-RSPO3 antibody is a humanized
version of antibody 131R003. In some embodiments, the
anti-RSPO3 antibody is a humanized version of a variant of
antibody 131R003. In some embodiments, the anti-RSPO3
antibody is antibody h131R006A or h131R006B. In some
embodiments, the anti-RSPO3 antibody is antibody
h131R005/131R007. In some embodiments, the anti-RSPO3
antibody is antibody h131R008. In some embodiments, the

anti-RSPO3 antibody is antibody h131R010. In some
embodiments, the anti-RSPO3 antibody is antibody
h131RO11.

Methods for determining whether a tumor has a RSPO
gene fusion are known by those of skill in the art. Methods
may include but are not limited to, PCR-based assays,
microarray analyses, and nucleotide sequencing (e.g., Next-
Gen sequencing, whole-genome sequencing (WGS)).

Methods for determining whether a tumor or cancer has an
elevated level of RSPO expression or has a RSPO gene fusion
can use a variety of samples. In some embodiments, the
sample is taken from a subject having a tumor or cancer. In
some embodiments, the sample is a fresh tumor/cancer
sample. In some embodiments, the sample is a frozen tumor/
cancer sample. In some embodiments, the sample is a forma-
lin-fixed paraffin-embedded sample. In some embodiments,
the sample is processed to a cell lysate. In some embodiments,
the sample is processed to DNA or RNA.

Methods of treating a disease or disorder in a subject,
wherein the disease or disorder is associated with aberrant
(e.g., increased levels) P-catenin signaling are further pro-
vided. Methods of treating a disease or disorder in a subject,
wherein the disease or disorder is characterized by an
increased level of stein cells and/or progenitor cells are fur-
ther provided. In some embodiments, the treatment methods
comprise administering a therapeutically effective amount of
a RSPO-binding agent, polypeptide, or antibody to the sub-
ject. In some embodiments, the RSPO-binding agent is a
RSPO3-binding agent. In some embodiments, the RSPO3-
binding agent is an antibody. In some embodiments, the
RSPO3-binding agent is antibody 131R002. In some embodi-
ments, the RSPO3-binding agent is antibody 131R003. In
some embodiments, the RSPO3-binding agent is a variant of
antibody 131R003. In some embodiments, the RSPO3-bind-
ing agent is a humanized version of antibody 131R002. In
some embodiments, the RSPO3-binding agent is a human-
ized version of antibody 131R003. In some embodiments, the
RSPO3-binding agent is a humanized version of a variant of
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antibody 131R003. In some embodiments, the RSPO3-bind-
ing agent is antibody h131R006 A or antibody h131R006B. In
some embodiments, the RSPO3-binding agent is antibody
h131R005/131R007. In some embodiments, the RSPO3-
binding agent is antibody h131R008. In some embodiments,
the RSPO3-binding agent is antibody h131R010. In some
embodiments, the RSPO3-binding agent is antibody
h131RO11.

The invention also provides a method of inhibiting §-cate-
nin signaling in a cell comprising contacting the cell with an
effective amount of a RSPO-binding agent. In certain
embodiments, the cell is a tumor cell. In certain embodi-
ments, the method is an in vivo method wherein the step of
contacting the cell with the RSPO3-binding agent comprises
administering a therapeutically effective amount of the
RSPO3-binding agent to the subject. In some embodiments,
the method is an in vitro or ex vivo method. In certain embodi-
ments, the RSPO-binding agent inhibits 3-catenin signaling.
In some embodiments, the RSPO-binding agent inhibits acti-
vation of §-catenin. In certain embodiments, the RSPO-bind-
ing agent interferes with a RSPO/L.GR interaction. In certain
embodiments, the LGR is LGR4, LGRS, and/or LGR6. In
certain embodiments, the LGR is LGR4. In certain embodi-
ments, the LGR is LGRS. In certain embodiments, the LGR is
LGR6. In some embodiments, the RSPO-binding agent is a
RSPO3-binding agent. In some embodiments, the RSPO3-
binding agent is an antibody. In some embodiments, the
RSPO3-binding agent is antibody 131R002. In some embodi-
ments, the RSPO3-binding agent is antibody 131R003. In
some embodiments, the RSPO3-binding agent is a variant of
antibody 131R003. In some embodiments, the RSPO3-bind-
ing agent is a humanized version of antibody 131R002. In
some embodiments, the RSPO3-binding agent is a human-
ized version of antibody 131R003. In some embodiments, the
RSPO3-binding agent is a humanized version of a variant of
antibody 131R003. In some embodiments, the RSPO3-bind-
ing agent is antibody h131R006 A or antibody h131R006B. In
some embodiments, the RSPO3-binding agent is antibody
h131R005/131R007. In some embodiments, the RSPO3-
binding agent is antibody h131R008. In some embodiments,
the RSPO3-binding agent is antibody h131R010. In some
embodiments, the RSPO3-binding agent is antibody
h131RO11.

The use of the RSPO-binding agents, polypeptides, or anti-
bodies described herein to induce the differentiation of cells,
including, but not limited to tumor cells, is also provided. In
some embodiments, methods of inducing cells to differentiate
comprise contacting the cells with an effective amount of a
RSPO-binding agent (e.g., an anti-RSPO antibody) described
herein. In certain embodiments, methods of inducing cells in
atumor in a subject to differentiate comprise administering a
therapeutically effective amount of a RSPO-binding agent,
polypeptide, or antibody to the subject. In some embodi-
ments, methods for inducing differentiation markers on
tumor cells comprise administering a therapeutically effec-
tive amount of a RSPO-binding agent, polypeptide, or anti-
body. In some embodiments, the tumor is a solid tumor. In
some embodiments, the tumor is selected from the group
consisting of colorectal tumor, pancreatic tumor, lung tumor,
ovarian tumor, liver tumor, breast tumor, kidney tumor, pros-
tate tumor, gastrointestinal tumor, melanoma, cervical tumor,
bladder tumor, glioblastoma, and head and neck tumor. In
certain embodiments, the tumor is an ovarian tumor. In cer-
tain other embodiments, the tumor is a colon tumor. In some
embodiments, the tumor is a lung tumor. In certain embodi-
ments, the method is an in vivo method. In certain embodi-
ments, the method is an in vitro method. In some embodi-
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ments, the RSPO-binding agent is a RSPO3-binding agent. In
some embodiments, the RSPO3-binding agent is an antibody.
In some embodiments, the RSPO3-binding agent is antibody
131R002. In some embodiments, the RSPO3-binding agent is
antibody 131R003. In some embodiments, the RSPO3-bind-
ing agent is a variant of antibody 131R003. In some embodi-
ments, the RSPO3-binding agent is a humanized version of
antibody 131R002. In some embodiments, the RSPO3-bind-
ing agent is a humanized version of antibody 131R003. In
some embodiments, the RSPO3-binding agent is a human-
ized version of a variant of antibody 131R003. In some
embodiments, the RSPO3-binding agent is antibody
h131R006A or antibody h131R006B. In some embodiments,
the RSPO3-binding agent is antibody h131R005/131R007.
In some embodiments, the RSPO3-binding agent is antibody
h131R008. In some embodiments, the RSPO3-binding agent
is antibody h131R010. In some embodiments, the RSPO3-
binding agent is antibody h1131R011.

The invention further provides methods of differentiating
tumorigenic cells into non-tumorigenic cells comprising con-
tacting the tumorigenic cells with a RSPO-binding agent. In
some embodiments, the method comprises administering the
RSPO-binding agent to a subject that has a tumor comprising
tumorigenic cells or that has had such a tumor removed. In
certain embodiments, the tumorigenic cells are ovarian tumor
cells. In certain embodiments, the tumorigenic cells are colon
tumor cells. In some embodiments, the tumorigenic cells are
lung tumor cells. In some embodiments, the RSPO-binding
agent is a RSPO3-binding agent. In some embodiments, the
RSPO3-binding agent is an antibody. In some embodiments,
the RSPO3-binding agent is antibody 131R002. In some
embodiments, the RSPO3-binding agent is antibody
131R003. In some embodiments, the RSPO3-binding agent is
a variant of antibody 131R003. In some embodiments, the
RSPO3-binding agent is a humanized version of antibody
131R002. In some embodiments, the RSPO3-binding agent is
a humanized version of antibody 131R003. In some embodi-
ments, the RSPO3-binding agent is a humanized version of a
variant of antibody 131R003. In some embodiments, the
RSPO3-binding agent is antibody h131R006A or antibody
h131R006B. In some embodiments, the RSPO3-binding
agent is antibody h131R005/131R007. In some embodi-
ments, the RSPO3-binding agent is antibody h131R008. In
some embodiments, the RSPO3-binding agent is antibody
h131R010. In some embodiments, the RSPO3-binding agent
is antibody h131R011.

In certain embodiments, the disease treated with the
RSPO3-binding agents described herein is not a cancer. For
example, the disease may be a metabolic disorder such as
obesity or diabetes (e.g., type Il diabetes) (Jin T., 2008, Dia-
betologia, 51:1771-80). Alternatively, the disease may be a
bone disorder such as osteoporosis, osteoarthritis, or rheuma-
toid arthritis (Corr M., 2008, Nat. Clin. Pract. Rheumatol.,
4:550-6; Day et al., 2008, Bone Joint Surg. Am., 90 Suppl
1:19-24). The disease may also be a kidney disorder, such as
a polycystic kidney disease (Harris et al., 2009, Ann. Rev.
Med., 60:321-337; Schmidt-Ott et al., 2008, Kidney Int.,
74:1004-8; Benzing et al., 2007, J. Am. Soc. Nephrol.,
18:1389-98). Alternatively, eye disorders including, but not
limited to, macular degeneration and familial exudative vit-
reoretinopathy may be treated (Lad et al., 2009, Stem Cells
Dev., 18:7-16). Cardiovascular disorders, including myocar-
dial infarction, atherosclerosis, and valve disorders, may also
be treated (Al-Aly Z., 2008, Transl. Res., 151:233-9; Koba-
yashi et al., 2009, Nat. Cell Biol., 11:46-55; van Gijn et al.,
2002, Cardiovasc. Res., 55:16-24; Christman et al., 2008,
Am. J. Physiol. Heart Circ. Physiol., 294:H2864-70). In some
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embodiments, the disease is a pulmonary disorder such as
idiopathic pulmonary arterial hypertension or pulmonary
fibrosis (Laumanns et al., 2008, Am. J. Respir. Cell Mol.
Biol., 2009, 40:683-691; Konigshoff et al., 2008, PLoS ONE,
3:e2142). In some embodiments, the disease treated with the
RSPO3-binding agent is a liver disease, such as cirrhosis or
liver fibrosis (Cheng et al., 2008, Am. J. Physiol. Gastrointest.
Liver Physiol., 294:(G39-49).

The present invention further provides pharmaceutical
compositions comprising the RSPO3-binding agents
described herein. In certain embodiments, the pharmaceutical
compositions further comprise a pharmaceutically accept-
able vehicle. In some embodiments, these pharmaceutical
compositions find use in inhibiting tumor growth and treating
cancer in a subject (e.g., a human patient).

In certain embodiments, formulations are prepared for
storage and use by combining a purified antibody or agent of
the present invention with a pharmaceutically acceptable
vehicle (e.g., a carrier or excipient). Suitable pharmaceuti-
cally acceptable vehicles include, but are not limited to, non-
toxic buffers such as phosphate, citrate, and other organic
acids; salts such as sodium chloride; antioxidants including
ascorbic acid and methionine; preservatives such as octade-
cyldimethylbenzyl ammonium chloride, hexamethonium
chloride, benzalkonium chloride, benzethonium chloride,
phenol, butyl or benzyl alcohol, alkyl parabens, such as
methyl or propyl paraben, catechol, resorcinol, cyclohexanol,
3-pentanol, and m-cresol; low molecular weight polypeptides
(e.g., less than about 10 amino acid residues); proteins such as
serum albumin, gelatin, or immunoglobulins; hydrophilic
polymers such as polyvinylpyrrolidone; amino acids such as
glycine, glutamine, asparagine, histidine, arginine, or lysine;
carbohydrates such as monosaccharides, disaccharides, glu-
cose, mannose, or dextrins; chelating agents such as EDTA;
sugars such as sucrose, mannitol, trehalose or sorbitol; salt-
forming counter-ions such as sodium; metal complexes such
as Zn-protein complexes; and non-ionic surfactants such as
TWEEN or polyethylene glycol (PEG). (Remington: The Sci-
ence and Practice of Pharmacy, 22° Edition, 2012, Pharma-
ceutical Press, London.)

The pharmaceutical compositions of the present invention
can be administered in any number of ways for either local or
systemic treatment. Administration can be topical by epider-
mal or transdermal patches, ointments, lotions, creams, gels,
drops, suppositories, sprays, liquids and powders; pulmonary
by inhalation or insufflation of powders or aerosols, including
by nebulizer, intratracheal, and intranasal; oral; or parenteral
including intravenous, intraarterial, intratumoral, subcutane-
ous, intraperitoneal, intramuscular (e.g., injection or infu-
sion), or intracranial (e.g., intrathecal or intraventricular).

The therapeutic formulation can be in unit dosage form.
Such formulations include tablets, pills, capsules, powders,
granules, solutions or suspensions in water or non-aqueous
media, or suppositories. In solid compositions such as tablets
the principal active ingredient is mixed with a pharmaceutical
carrier. Conventional tableting ingredients include corn
starch, lactose, sucrose, sorbitol, talc, stearic acid, magne-
sium stearate, dicalcium phosphate or gums, and diluents
(e.g., water). These can be used to form a solid pre-formula-
tion composition containing a homogeneous mixture of a
compound of the present invention, or a non-toxic pharma-
ceutically acceptable salt thereof. The solid pre-formulation
composition is then subdivided into unit dosage forms of a
type described above. The tablets, pills, etc. of the formula-
tion or composition can be coated or otherwise compounded
to provide a dosage form affording the advantage of pro-
longed action. For example, the tablet or pill can comprise an
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inner composition covered by an outer component. Further-
more, the two components can be separated by an enteric
layer that serves to resist disintegration and permits the inner
component to pass intact through the stomach or to be delayed
in release. A variety of materials can be used for such enteric
layers or coatings, such materials include a number of poly-
meric acids and mixtures of polymeric acids with such mate-
rials as shellac, cetyl alcohol and cellulose acetate.

The RSPO3-binding agents or antibodies described herein
can also be entrapped in microcapsules. Such microcapsules
are prepared, for example, by coacervation techniques or by
interfacial polymerization, for example, hydroxymethylcel-
Iulose or gelatin-microcapsules and poly-(methylmethacry-
late) microcapsules, respectively, in colloidal drug delivery
systems (for example, liposomes, albumin microspheres,
microemulsions, nanoparticles and nanocapsules) or in mac-
roemulsions as described in Remington: The Science and
Practice of Pharmacy, 22* Edition, 2012, Pharmaceutical
Press, London.

In certain embodiments, pharmaceutical formulations
include a RSPO3-binding agent (e.g., an antibody) of the
present invention complexed with liposomes. Methods to
produce liposomes are known to those of skill in the art. For
example, some liposomes can be generated by reverse phase
evaporation with a lipid composition comprising phosphati-
dylcholine, cholesterol, and PEG-derivatized phosphatidyle-
thanolamine (PEG-PE). Liposomes can be extruded through
filters of defined pore size to yield liposomes with the desired
diameter.

In certain embodiments, sustained-release preparations
can be produced. Suitable examples of sustained-release
preparations include semi-permeable matrices of solid hydro-
phobic polymers containing a RSPO3-binding agent (e.g., an
antibody), where the matrices are in the form of shaped
articles (e.g., films or microcapsules). Examples of sustained-
release matrices include polyesters, hydrogels such as poly
(2-hydroxyethyl-methacrylate) or poly(vinyl alcohol), poly-
lactides, copolymers of L-glutamic acid and 7 ethyl-L-
glutamate,  non-degradable  ethylene-vinyl  acetate,
degradable lactic acid-glycolic acid copolymers such as the
LUPRON DEPOT™ (injectable microspheres composed of
lactic acid-glycolic acid copolymer and leuprolide acetate),
sucrose acetate isobutyrate, and poly-D-(-)-3-hydroxybu-
tyric acid.

In certain embodiments, in addition to administering a
RSPO3-binding agent (e.g., an antibody), the method or treat-
ment further comprises administering at least one additional
therapeutic agent. An additional therapeutic agent can be
administered prior to, concurrently with, and/or subsequently
to, administration of the RSPO3-binding agent. Pharmaceu-
tical compositions comprising a RSPO3-binding agent and
the additional therapeutic agent(s) are also provided. In some
embodiments, the at least one additional therapeutic agent
comprises 1, 2, 3, or more additional therapeutic agents.

Combination therapy with two or more therapeutic agents
often uses agents that work by different mechanisms of
action, although this is not required. Combination therapy
using agents with different mechanisms of action may result
in additive or synergetic effects. Combination therapy may
allow for a lower dose of each agent than is used in mono-
therapy, thereby reducing toxic side effects and/or increasing
the therapeutic index of the agent(s). Combination therapy
may decrease the likelihood that resistant cancer cells will
develop. In some embodiments, combination therapy com-
prises a therapeutic agent that affects (e.g., inhibits or kills)
non-tumorigenic cells and a therapeutic agent that affects
(e.g., inhibits or kills) tumorigenic CSCs.
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In some embodiments, the combination of a RSPO3-bind-
ing agent and at least one additional therapeutic agent results
in additive or synergistic results. In some embodiments, the
combination therapy results in an increase in the therapeutic
index of the RSPO3-binding agent. In some embodiments,
the combination therapy results in an increase in the thera-
peutic index of the additional agent(s). In some embodiments,
the combination therapy results in a decrease in the toxicity
and/or side effects of the RSPO3-binding agent. In some
embodiments, the combination therapy results in a decrease
in the toxicity and/or side effects of the additional agent(s).

Useful classes of therapeutic agents include, for example,
antitubulin agents, auristatins, DNA minor groove binders,
DNA replication inhibitors, alkylating agents (e.g., platinum
complexes such as cisplatin, mono(platinum), bis(platinum)
and tri-nuclear platinum complexes and carboplatin), anthra-
cyclines, antibiotics, antifolates, antimetabolites, chemo-
therapy sensitizers, duocarmycins, etoposides, fluorinated
pyrimidines, ionophores, lexitropsins, nitrosoureas, plati-
nols, purine antimetabolites, puromycins, radiation sensitiz-
ers, steroids, taxanes, topoisomerase inhibitors, vinca alka-
loids, or the like. In certain embodiments, the second
therapeutic agent is an alkylating agent, an antimetabolite, an
antimitotic, a topoisomerase inhibitor, or an angiogenesis
inhibitor. In some embodiments, the second therapeutic agent
is a platinum complex such as carboplatin or cisplatin. In
some embodiments, the additional therapeutic agentis a plati-
num complex in combination with a taxane.

Therapeutic agents that may be administered in combina-
tion with the RSPO3-binding agents include chemotherapeu-
tic agents. Thus, in some embodiments, the method or treat-
ment involves the administration of a RSPO3-binding agent
or antibody of the present invention in combination with a
chemotherapeutic agent or cocktail of multiple different che-
motherapeutic agents. Treatment with a RSPO3-binding
agent (e.g., anantibody) can occur prior to, concurrently with,
or subsequent to administration of chemotherapies. Com-
bined administration can include co-administration, either in
a single pharmaceutical formulation or using separate formu-
lations, or consecutive administration in either order but gen-
erally within a time period such that all active agents can exert
their biological activities simultaneously. Preparation and
dosing schedules for such chemotherapeutic agents can be
used according to manufacturers’ instructions or as deter-
mined empirically by the skilled practitioner. Preparation and
dosing schedules for such chemotherapy are also described in
The Chemotherapy Source Book, 4" Edition, 2008, M. C.
Perry, Editor, Lippincott, Williams &. Wilkins, Philadelphia,
Pa.

Chemotherapeutic agents useful in the instant invention
include, but are not limited to, alkylating agents such as
thiotepa and cyclosphosphamide (CYTOXAN); alkyl sul-
fonates such as busulfan, improsulfan and piposulfan; aziri-
dines such as benzodopa, carboquone, meturedopa, and ure-
dopa; ethylenimines and methylamelamines including
altretamine, triethylenemelamine, trietylenephosphoramide,
triethylenethiophosphaoramide and trimethylolomelamine;
nitrogen mustards such as chlorambucil, chlornaphazine,
cholophosphamide, estramustine, ifosfamide, mechlore-
thamine, mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine, trofosfamide,
uracil mustard; nitrosureas such as carmustine, chlorozoto-
cin, fotemustine, lomustine, nimustine, ranimustine; antibi-
otics such as aclacinomysins, actinomycin, authramycin, aza-
serine, bleomycins, cactinomycin, calicheamicin, carabicin,
caminomycin, carzinophilin, chromomycins, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine,
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doxorubicin, epirubicin, esorubicin, idarubicin, marcellomy-
cin, mitomycins, mycophenolic acid, nogalamycin, olivomy-
cins, peplomycin, potfiromycin, puromycin, quelamycin,
rodorubicin, streptonigrin, streptozocin, tubercidin, uben-
imex, zinostatin, zorubicin; anti-metabolites such as methotr-
exate and 5-fluorouracil (5-FU); folic acid analogues such as
denopterin, methotrexate, pteropterin, trimetrexate; purine
analogs such as fludarabine, 6-mercaptopurine, thiamiprine,
thioguanine; pyrimidine analogs such as ancitabine, azaciti-
dine, 6-azauridine, carmofur, cytosine arabinoside, dideox-
yuridine, doxifluridine, enocitabine, floxuridine, 5-FU;
androgens such as calusterone, dromostanolone propionate,
epitiostanol, mepitiostane, testolactone; anti-adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid replenish-
ers such as folinic acid; aceglatone; aldophosphamide glyco-
side; aminolevulinic acid; amsacrine; bestrabucil; bisantrene;
edatraxate; defofamine; demecolcine; diaziquone; elformith-
ine; elliptinium acetate; etoglucid; gallium nitrate; hydrox-
yurea; lentinan; lonidamine; mitoguazone; mitoxantrone;
mopidamol; nitracrine; pentostatin; phenamet; pirarubicin;
podophyllinic acid; 2-ethylhydrazide; procarbazine; PSK;
razoxane; sizofuran; spirogermanium; tenuazonic acid; tri-
aziquone; 2,2',2"-trichlorotriethylamine; urethan; vindesine;
dacarbazine; mannomustine; mitobronitol; mitolactol; pipo-
broman; gacytosine; arabinoside (Ara-C); taxoids, e.g. pacli-
taxel (TAXOL) and docetaxel (TAXOTERE); chlorambucil;
gemcitabine; 6-thioguanine; mercaptopurine; platinum ana-
logs such as cisplatin and carboplatin; vinblastine; platinum;
etoposide (VP-16); ifosfamide; mitomycin C; mitoxantrone;
vincristine; vinorelbine; navelbine; novantrone; teniposide;
daunomycin; aminopterin; ibandronate; CPT11; topoi-
somerase inhibitor RFS 2000; difluoromethylornithine
(DMFO); retinoic acid; esperamicins; capecitabine (XE-
LODA); and pharmaceutically acceptable salts, acids or
derivatives of any of the above. Chemotherapeutic agents also
include anti-hormonal agents that act to regulate or inhibit
hormone action on tumors such as anti-estrogens including
for example tamoxifen, raloxifene, aromatase inhibiting 4(5)-
imidazoles, 4-hydroxytamoxifen, trioxifene, keoxifene,
LY117018, onapristone, and toremifene (FARESTON); and
anti-androgens such as flutamide, nilutamide, bicalutamide,
leuprolide, and goserelin; and pharmaceutically acceptable
salts, acids or derivatives of any of the above. In certain
embodiments, the additional therapeutic agent is cisplatin. In
certain embodiments, the additional therapeutic agent is car-
boplatin. In certain embodiments, the additional therapeutic
agent is paclitaxel (taxol). In some embodiments, a method
comprises administering anti-RSPO3 antibody 131R002,
131R003, a variant of 131R003, 131R006A, 131R006B,
131R005/131R007, or 131R008 in combination with cispl-
atin.

In certain embodiments, the chemotherapeutic agent is a
topoisomerase inhibitor. Topoisomerase inhibitors are che-
motherapy agents that interfere with the action of a topoi-
somerase enzyme (e.g., topoisomerase I or II). Topoi-
somerase inhibitors include, but are not limited to,
doxorubicin HCI, daunorubicin citrate, mitoxantrone HCI,
actinomycin D, etoposide, topotecan HCI, teniposide (VM-
26), and irinotecan, as well as pharmaceutically acceptable
salts, acids, or derivatives of any of these. In some embodi-
ments, the additional therapeutic agent is irinotecan. Thus, in
some embodiments, a method comprises administering a
RSPO3-binding agent in combination with a topoisomerase
inhibitor. In some embodiments, a method comprises admin-
istering anti-RSPO3 antibody 131R002, 131R003, a variant
of 131R003, a humanized version of 131R003, h131R006A,
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h131R006B, h131R005/131R007, h131R008, h131R010, or
h131R011 in combination with irinotecan.

In certain embodiments, the chemotherapeutic agent is an
anti-metabolite. An anti-metabolite is a chemical with a struc-
ture that is similar to a metabolite required for normal bio-
chemical reactions, yet different enough to interfere with one
or more normal functions of cells, such as cell division. Anti-
metabolites include, but are not limited to, gemcitabine, fluo-
rouracil, capecitabine, methotrexate sodium, ralitrexed, pem-
etrexed, tegafur, cytosine arabinoside, thioguanine,
S-azacytidine, 6-mercaptopurine, azathioprine, 6-thiogua-
nine, pentostatin, fludarabine phosphate, and cladribine, as
well as pharmaceutically acceptable salts, acids, or deriva-
tives of any of these. In certain embodiments, the additional
therapeutic agent is gemcitabine. Thus, in some embodi-
ments, a method comprises administering a RSPO3-binding
agent in combination with an anti-metabolite. In some
embodiments, a method comprises administering anti-
RSPO3 antibody 131R002, 131R003, a variant of 131R003,
a humanized version of 131R003, h131R006A, h131R006B,
h131R005/131R007, h131R008, h131R010, or h131R011 in
combination with gemcitabine. In some embodiments, a
method comprises administering anti-RSPO3 antibody
131R002, 131R003, a variant of 131R003, a humanized ver-
sion of 131R003, h131R006A, h131R006B, h131R005/
131R007, h131R008, h131R010, or h131R011 in combina-
tion with pemetrexed.

In certain embodiments, the chemotherapeutic agent is an
antimitotic agent, including, but not limited to, agents that
bind tubulin. In some embodiments, the agent is a taxane. In
certain embodiments, the agent is paclitaxel or docetaxel, or
a pharmaceutically acceptable salt, acid, or derivative of
paclitaxel or docetaxel. In certain embodiments, the agent is
paclitaxel (TAXOL), docetaxel (TAXOTERE), albumin-
bound paclitaxel (nab-paclitaxel; ABRAXANE), DHA-pa-
clitaxel, or PG-paclitaxel. In certain alternative embodi-
ments, the antimitotic agent comprises a vinca alkaloid, such
as vincristine, binblastine, vinorelbine, or vindesine, or phar-
maceutically acceptable salts, acids, or derivatives thereof. In
some embodiments, the antimitotic agent is an inhibitor of
kinesin EgS5 or an inhibitor of a mitotic kinase such as Aurora
A or PIk]. In certain embodiments, where the chemothera-
peutic agent administered in combination with a RSPO-bind-
ing agent is an anti-mitotic agent, the cancer or tumor being
treated is breast cancer or a breast tumor. In some embodi-
ments, a method comprises administering anti-RSPO3 anti-
body 131R002, 131R003, a variant of 131R003, a humanized
version of 131R003, h131R006A, h131R006B, h131R005/
131R007, h131R008, h131R010, or h131R011 in combina-
tion with paclitaxel. In some embodiments, a method com-
prises administering anti-RSPO3 antibody 131R002,
131R003, a variant of 131R003, a humanized version of
131R003, h131R006A, h131R006B, h131R005/131R007,
h131R008, h131R010, or h131R011 in combination with
nab-paclitaxel (ABRAXANE). In some embodiments, a
method comprises administering anti-RSPO3 antibody
131R002, 131R003, a variant of 131R003, a humanized ver-
sion of 131R003, h131R006A, h131R006B, h31R005/
131R007, h131R008, h131R010, or h131R011 in combina-
tion with gemcitabine and nab-paclitaxel (ABRAXANE).

In some embodiments, an additional therapeutic agent
comprises an agent such as a small molecule. For example,
treatment can involve the combined administration of a
RSPO3-binding agent (e.g. an antibody) of the present inven-
tion with a small molecule that acts as an inhibitor against
additional tumor-associated antigens including, but not lim-
ited to, EGFR, ErbB2, HER2, and/or VEGF. In certain
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embodiments, the additional therapeutic agent is a small mol-
ecule that inhibits a cancer stem cell pathway. In some
embodiments, the additional therapeutic agent is an inhibitor
of the Notch pathway. In some embodiments, the additional
therapeutic agent is an inhibitor of the Wnt pathway. In some
embodiments, the additional therapeutic agent is an inhibitor
of the BMP pathway. In some embodiments, the additional
therapeutic agent is a molecule that inhibits 3-catenin signal-
ing.

In some embodiments, an additional therapeutic agent
comprises a biological molecule, such as an antibody. For
example, treatment can involve the combined administration
of'a RSPO3-binding agent (e.g. an antibody) of the present
invention with other antibodies against additional tumor-as-
sociated antigens including, but not limited to, antibodies that
bind EGFR, ErbB2, HER2, and/or VEGF. In some embodi-
ments, the additional therapeutic agent is an antibody that
binds a second RSPO, e.g., RSPO1, RSPO2, and/or RSPO4.
In some embodiments, the additional therapeutic agent is an
anti-RSPO2 antibody. In some embodiments, the additional
therapeutic agent is an anti-RSPO1 antibody. In certain
embodiments, the additional therapeutic agent is an antibody
specific for an anti-cancer stem cell marker. In some embodi-
ments, the additional therapeutic agent is an antibody that
binds a component of the Notch pathway. In some embodi-
ments, the additional therapeutic agent is an antibody that
binds a component of the Wnt pathway. In certain embodi-
ments, the additional therapeutic agent is an antibody that
inhibits a cancer stem cell pathway. In some embodiments,
the additional therapeutic agent is an inhibitor of the Notch
pathway. In some embodiments, the additional therapeutic
agent is an inhibitor of the Wnt pathway. In some embodi-
ments, the additional therapeutic agent is an inhibitor of the
BMP pathway. In some embodiments, the additional thera-
peutic agent is an antibody that inhibits -catenin signaling.
In certain embodiments, the additional therapeutic agent is an
antibody that is an angiogenesis inhibitor (e.g., an anti-VEGF
or VEGF receptor antibody). In certain embodiments, the
additional therapeutic agent is bevacizumab (AVASTIN),
trastuzumab (HERCEPTIN), panitumumab (VECTBIX), or
cetuximab (ERBITUX).

In some embodiments, the methods described herein com-
prise administering a therapeutically effective amount of a
RSPO3-binding agent in combination with Wnt pathway
inhibitors. In some embodiments, the Wnt pathway inhibitors
are frizzled (FZD) protein binding agents, “FZD-binding
agents”. Non-limiting examples of FZD-binding agents can
be found in U.S. Pat. No. 7,982,013, which is incorporated by
reference herein in its entirety. FZD-binding agents may
include, but are not limited to, anti-FZD antibodies. In some
embodiments, a method comprises administering a RSPO-
binding agent in combination with an anti-FZD antibody. In
some embodiments, a method comprises administering a
RSPO-binding agent in combination with the anti-FZD anti-
body 18R5. In some embodiments, the Wnt pathway inhibi-
tors are Wnt protein binding agents, “Wnt-binding agents”.
Nonlimiting examples of Wnt-binding agents can be found in
U.S. Pat. Nos. 7,723,477 and 7,947,277, and International
Publications WO 2011/088127 and WO 2011/088123, which
are incorporated by reference herein in their entirety. Wnt-
binding agents may include, but are not limited to, anti-Wnt
antibodies and FZD-Fc soluble receptors. In some embodi-
ments, a method comprises administering a RSPO3-binding
agent in combination with a FZD-Fc soluble receptor. In
some embodiments, a method comprises administering a
RSPO3-binding agent in combination with a FZDS8-Fc
soluble receptor. In some embodiments, a method comprises
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administering a RSPO3-binding agent in combination with
an anti-FZD antibody. In some embodiments, a method com-
prises administering anti-RSPO3 antibodies 131R002,
131R003, a variant of 131R003, a humanized version of
131R003, h131R006A, h131R006B, h131R005/131R007,
h131R008, h131R010, or h131R011 in combination with an
anti-FZD antibody. In some embodiments, a method com-
prises administering anti-RSPO3 antibodies 131R002,
131R003, a variant of 131R003, a humanized version of
131R003, h131R006A, h131R006B, h131R005/131R007,
h131R008, h131R010, or h131R011 in combination with
anti-FZD antibody 18RS5. In some embodiments, a method
comprises administering anti-RSPO3 antibodies 131R002,
131R003, a variant of 131R003, a humanized version of
131R003, h131R006A, h131R006B, h131R005/131R007,
h131R008, h131R010, or h131R011 in combination with a
FZD-Fc soluble receptor. In some embodiments, a method
comprises administering anti-RSPO3 antibodies 131R002,
131R003, a variant of 131R003, a humanized version of
131R003, h131R006A, h131R006B, h131R005/131R007,
h131R008, h131R010, or h131R011 in combination with a
FZD8-Fc soluble receptor.

In some embodiments, the methods described herein com-
prise administering a therapeutically effective amount of a
RSPO-binding agent in combination with more than one
additional therapeutic agent. Thus, in some embodiments, a
method comprises administering a RSPO-binding agent in
combination with a chemotherapeutic agent and a Wnt path-
way inhibitor. In some embodiments, a method comprises
administering a RSPO3-binding agent in combination with a
chemotherapeutic agent and a Wnt pathway inhibitor. In
some embodiments, a method comprises administering a
RSPO3-binding agent in combination with a chemotherapeu-
tic agent and anti-FZD antibody 18RS. In some embodi-
ments, a method comprises administering a RSPO3-binding
agent in combination with a chemotherapeutic agent and a
FZD8-Fc soluble receptor. In some embodiments, a method
comprises administering a RSPO3-binding agent in combi-
nation with gemcitabine and a Wnt pathway inhibitor. In
some embodiments, a method comprises administering anti-
RSPO3 antibodies 131R002, 131R003, a variant of 131R003,
a humanized version of 131R003, h131R006A, h131R006B,
h131R005/131R007, h131R008, h131R010, or h131R011 in
combination with gemcitabine and anti-FZD antibody 18R5.
In some embodiments, a method comprises administering
anti-RSPO3 antibodies 131R002, 131R003, a variant of
131R003, a humanized version of 131R003, h131R006A,
h131R006B, h131R005/131R007, h131R008, h131R010, or
h131R011 in combination with gemcitabine and FZD8-Fc
soluble receptor.

Furthermore, treatment with a RSPO3-binding agent
described herein can include combination treatment with
other biologic molecules, such as one or more cytokines (e.g.,
lymphokines, interleukins, tumor necrosis factors, and/or
growth factors) or can be accompanied by surgical removal of
tumors, cancer cells or any other therapy deemed necessary
by a treating physician.

In certain embodiments, the treatment involves the admin-
istration of a RSPO3-binding agent (e.g. an antibody) of the
present invention in combination with radiation therapy.
Treatment with a RSPO3-binding agent can occur prior to,
concurrently with, or subsequent to administration of radia-
tion therapy. Dosing schedules for such radiation therapy can
be determined by the skilled medical practitioner.

Combined administration can include co-administration,
either in a single pharmaceutical formulation or using sepa-
rate formulations, or consecutive administration in either
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order but generally within a time period such that all active
agents can exert their biological activities simultaneously.

It will be appreciated that the combination of a RSPO3-
binding agent and at least one additional therapeutic agent
may be administered in any order or concurrently. In some
embodiments, the RSPO3-binding agent will be administered
to patients that have previously undergone treatment with a
second therapeutic agent. In certain other embodiments, the
RSPO3-binding agent and a second therapeutic agent will be
administered substantially simultaneously or concurrently.
For example, a subject may be given a RSPO3-binding agent
(e.g., an antibody) while undergoing a course of treatment
with a second therapeutic agent (e.g., chemotherapy). In cer-
tain embodiments, a RSPO3-binding agent will be adminis-
tered within 1 year of the treatment with a second therapeutic
agent. In certain alternative embodiments, a RSPO3-binding
agent will be administered within 10, 8, 6, 4, or 2 months of
any treatment with a second therapeutic agent. In certain
other embodiments, a RSPO3-binding agent will be admin-
istered within 4, 3, 2, or 1 weeks of any treatment with a
second therapeutic agent. In some embodiments, a RSPO3-
binding agent will be administered within 5, 4, 3, 2, or 1 days
of any treatment with a second therapeutic agent. It will
further be appreciated that the two (or more) agents or treat-
ments may be administered to the subject within a matter of
hours or minutes (i.e., substantially simultaneously).

For the treatment of a disease, the appropriate dosage of an
RSPO3-binding agent (e.g., an antibody) of the present inven-
tion depends on the type of disease to be treated, the severity
and course of the disease, the responsiveness of the disease,
whether the RSPO3-binding agent or antibody is adminis-
tered for therapeutic or preventative purposes, previous
therapy, the patient’s clinical history, and so on, all at the
discretion of the treating physician. The RSPO3-binding
agent or antibody can be administered one time or over a
series of treatments lasting from several days to several
months, or until a cure is effected or a diminution of the
disease state is achieved (e.g., reduction in tumor size). Opti-
mal dosing schedules can be calculated from measurements
of' drug accumulation in the body of the patient and will vary
depending on the relative potency of an individual antibody or
agent. The administering physician can easily determine opti-
mum dosages, dosing methodologies, and repetition rates. In
certain embodiments, dosage is from 0.01 pg to 100 mg/kg of
body weight, from 0.1 pg to 100 mg/kg of body weight, from
1ug to 100 mg/kg of body weight, from 1 mg to 100 mg/kg of
body weight, 1 mg to 80 mg/kg of body weight from 10 mgto
100 mg/kg of body weight, from 10 mg to 75 mg/kg of body
weight, or from 10 mg to 50 mg/kg of body weight. In certain
embodiments, the dosage of the antibody or other RSPO3-
binding agent is from about 0.1 mg to about 20 mg/kg of body
weight. In certain embodiments, dosage can be given once or
more daily, weekly, monthly, or yearly. In certain embodi-
ments, the antibody or other RSPO3-binding agent is given
once every week, once every two weeks or once every three
weeks.

In some embodiments, a RSPO3-binding agent (e.g., an
antibody) may be administered at an initial higher “loading”
dose, followed by one or more lower doses. In some embodi-
ments, the frequency of administration may also change. In
some embodiments, a dosing regimen may comprise admin-
istering an initial dose, followed by additional doses (or
“maintenance” doses) once a week, once every two weeks,
once every three weeks, or once every month. For example, a
dosing regimen may comprise administering an initial load-
ing dose, followed by a weekly maintenance dose of, for
example, one-half of the initial dose. Or a dosing regimen
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may comprise administering an initial loading dose, followed
by maintenance doses of, for example one-half of the initial
dose every other week. Or a dosing regimen may comprise
administering three initial doses for 3 weeks, followed by
maintenance doses of, for example, the same amount every
other week.

As is known to those of skill in the art, administration of
any therapeutic agent may lead to side effects and/or toxici-
ties. In some cases, the side effects and/or toxicities are so
severe as to preclude administration of the particular agent at
a therapeutically effective dose. In some cases, drug therapy
must be discontinued, and other agents may be tried. How-
ever, many agents in the same therapeutic class often display
similar side effects and/or toxicities, meaning that the patient
either has to stop therapy, or if possible, suffer from the
unpleasant side effects associated with the therapeutic agent.

Thus, the present invention provides methods of treating
cancer in a subject comprising using an intermittent dosing
strategy for administering one or more agents, which may
reduce side effects and/or toxicities associated with adminis-
tration of a RSPO3-binding agent, chemotherapeutic agent,
etc. In some embodiments, a method for treating cancer in a
human subject comprises administering to the subject a thera-
peutically eftective dose of a RSPO3-binding agent in com-
bination with a therapeutically effective dose of a chemo-
therapeutic agent, wherein one or both of the agents are
administered according to an intermittent dosing strategy. In
some embodiments, the intermittent dosing strategy com-
prises administering an initial dose ofa RSPO3-binding agent
to the subject, and administering subsequent doses of the
RSPO3-binding agent about once every 2 weeks. In some
embodiments, the intermittent dosing strategy comprises
administering an initial dose of a RSPO3-binding agent to the
subject, and administering subsequent doses of the RSPO3-
binding agent about once every 3 weeks. In some embodi-
ments, the intermittent dosing strategy comprises administer-
ing an initial dose of a RSPO3-binding agent to the subject,
and administering subsequent doses of the RSPO3-binding
agent about once every 4 weeks. In some embodiments, the
RSPO3-binding agent is administered using an intermittent
dosing strategy and the chemotherapeutic agent is adminis-
tered weekly.

V. Kits comprising RSPO-binding agents

The present invention provides kits that comprise the
RSPO3-binding agents (e.g., antibodies) described herein
and that can be used to perform the methods described herein.
In certain embodiments, a kit comprises at least one purified
antibody against at least one human RSPO protein in one or
more containers. In some embodiments, the kits contain all of
the components necessary and/or sufficient to perform a
detection assay, including all controls, directions for perform-
ing assays, and any necessary software for analysis and pre-
sentation of results. One skilled in the art will readily recog-
nize that the disclosed RSPO3-binding agents of the present
invention can be readily incorporated into one of the estab-
lished kit formats which are well known in the art.

Further provided are kits comprising a RSPO3-binding
agent (e.g., an anti-RSPO3 antibody), as well as at least one
additional therapeutic agent. In certain embodiments, the sec-
ond (or more) therapeutic agent is a chemotherapeutic agent.
In certain embodiments, the second (or more) therapeutic
agent is a Wnt pathway inhibitor. In certain embodiments, the
second (or more) therapeutic agent is an angiogenesis inhibi-
tor.

Embodiments of the present disclosure can be further
defined by reference to the following non-limiting examples,
which describe in detail preparation of certain antibodies of
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the present disclosure and methods for using antibodies of the
present disclosure. [t will be apparent to those skilled in the art
that many modifications, both to materials and methods, may
be practiced without departing from the scope of the present
disclosure.

EXAMPLES
Example 1

Expression of RSPO and LGR in Human Tumors

mRNA from normal tissue, benign tumor and malignant
tumor samples of a large number of human patients was
analyzed by microarray analysis (Genelogic BioExpress
Datasuite). This data revealed elevated expression levels of
RSPO1 in malignant tissue relative to normal tissue in several
tumor types including kidney, endometrial, and ovarian.
RSPO1 was noted to be frequently over-expressed in ovarian
cancer (FIG. 1A and FIG. 1B). Inaddition, this data suggested
elevated expression levels of RSPO3 in malignant tissue rela-
tive to normal tissue in several tumor types including ovarian,
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eration of labeled cRNA. The processed RNA was hybridized
to Affymetrix HG-U133 plus 2.0 microarrays (Affymetrix,
Santa Clara, Calif.) as outlined in the manufacturer’s techni-
cal manuals. After hybridization, the microarrays were
washed, scanned, and analyzed. Scanned array background
adjustment and signal intensity normalization were per-
formed using the GCRMA algorithm (Bioconductor,
www.bioconductor.org).

Particular human RSPOs and human LGRs were evalu-
ated—RSPO1 (241450_at), RSPO2 (1554012_at), RSPO3
(228186_s_at), RSPO4 (237423 _at), LGR4 (218326_s_at),
LGRS (210393_at) and LGR6 (227819_at). Microarray
analysis showed that, while LGR4 and L.GR6 were broadly
expressed in almost all tumors, many tumors were found to
greatly over-express only particular RSPO family members
and LGRS (Table 2), although these expression levels were
not compared to expression levels in normal tissue. Generally
there is only a single RSPO family member that is highly
expressed in a given tumor, suggesting that there may be
functional redundancy within the RSPO family.

TABLE 2
Tumor RSPOI RSPO2  RSPO3  RSPO4 LGR4 LGRS LGR6
Breast tumor
B34 4.79 4.93 303.31 4.41
B39 20.59 588.88 22.60 4.40
B60 4.60 4.92 10.89 64.79
B02 4.60 4.92 692.34 441 2678.95 4.28 50.88
BO3 5.56 4.89 1870.42 4.41 686.47 30.78 73.49
BO6 4.60 491 4.51 120.72 274.54 4.26 20.77
B59 4.60 491 4.53 1158.11 200.48 4.26 6467.15
Colon tumors
Cl11 4.63 4.98 4.56 443 3852.26 6.22 11.31
C17 4.64 5.00 4.57 4.44 282246 62.34 43.94
C18 4.63 4.95 13.83 442 245415 4.29 723.15
C27 6.66 980.49 4.75 4.40 5083.84 4.30 20.82
Lung tumors
Luo2 4.62  15190.40 4.55 4.43 13.95 4.29 14.56
LU11 4.60 4.92 4.53 4.41 999.55 4.27 146.67
LU25 4.64 556 11123.06 4.44  1208.92 4.29 41089
LU33 4.64 5.01 12.02 62.98 329.62 4.30 20.96
LU45 4.64 4.99 4.62 4.44 387747 4.29 4.86
Melanoma tumors
MO6 4.73 21.80 4.65 4.50 1077.93 4.34 3.90
Ovarian tumors
Oov12 4.72 5.12 4.64 460.40 5383.63 1152.73 115.04
Oov19 960.19 4.74 69.77 20.90 494.67 5.72 4302.78
ov22 4.66 5.10 132.85 3743 374391 482.33 812.05
ov27 4.55 4.86 125.78 4.92
OVv3g 9.19 4.83 3439.88 16.35 1528.12 4.24 19.49
Pancreatic tumors
PNO7 4.58 689.52 4.51 440 677741 4.28 746.38
PN18 4.72 2508.47 4.65 4.50 6750.73 51.15 564.94
pancreas, and lung (FIG. 1-E and FIG. 1F). In addition, it was Example 2

found that LGRS and LGR6 were over-expressed in malig-
nant breast tumors, colon tumors, lung tumors, and ovarian
tumors relative to normal tissue, while LGR4 was over-ex-
pressed in lung tumors. LGRS and LGR6 over-expression
appeared to  be  restricted to  triple-negative
(ER”¢€PR"*¢HER2"%) breast tumors relative to other breast
tumor subtypes.

RNA was isolated from a series of human tumors grown in
murine xenografts. The RNA samples were prepared and
processed using established Affymetrix protocols for the gen-
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Binding of RSPO Proteins to LGRSPGP

A cell surface LGRS protein was generated by ligating
amino acids 22-564 of human LGRS to an N-terminal FLAG
tag and to the transmembrane domain of CD4 and a C-termi-
nal GFP protein tag using standard recombinant DNA tech-
niques (FLAG-LGRS5-CD4TM-GFP). RSPO-Fc constructs
were generated using standard recombinant DNA techniques.
Specifically, full-length human RSPO1, RSPO2, RSPO3 and
RSPO4 were ligated in-frame to a human Fc region and the
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recombinant RSPO-Fc proteins were expressed ininsect cells
using baculovirus. The fusion proteins were purified from the
insect medium using protein A chromatography.

HEK-293 cells were transiently transfected with the
FLAG-LGR5-CD4TM-GFP construct. After 48 hours, trans-
fected cells were suspended in ice cold PBS containing 2%
FBS and heparin and incubated on ice in the presence of 10
pg/ml RSPO1-Fe, RSPO2-Fc, RSPO3-Fc, RSPO4-Fc, or
FZD8-Fc tusion proteins for 15 minutes. A second incubation
with 100 pl PE-conjugated anti-human Fc secondary anti-
body was performed to detect cells bound by the Fc fusion
proteins. Cells were incubated with an anti-FLLAG antibody
(Sigma-Aldrich, St. Louis, Mo.) as a positive control and with
an anti-PE antibody as a negative control. The cells were
analyzed on a FACSCalibur instrument (BD Biosciences, San
Jose, Calif) and the data was processed using FlowJo soft-
ware.

As shown in FIG. 2, RSPO1, RSPO2, RSPO3 and RSPO4
all bound to LGRS expressed on the surface of the HEK-293
cells, while FZDS8, the negative control, did not bind LGRS.

Binding affinities between RSPO proteins and LGRS were
analyzed by surface plasmon resonance. A soluble LGR5-Fc
construct was generated using standard recombinant DNA
techniques. Specifically, amino acids 1-564 of human LGRS
were ligated in frame to human Fc and the recombinant
LGRS5-Fc fusion protein was expressed in insect cells using
baculovirus. The LGRS5-Fc¢ fusion protein was purified from
the insect medium using protein A chromatography. Cleavage
of the LGRS signal sequence results in a mature LGRS5-Fc
fusion protein containing amino acids 22-564 of LGRS.
Recombinant RSPO1-Fc, RSPO2-Fc, RSPO3-Fc¢ and
RSPO4-Fc fusion proteins were immobilized on CMS5 chips
using standard amine-based chemistry (NHS/EDC). Two-
fold dilutions of soluble LGR5-Fc were injected over the chip
surface (100 nM to 0.78 nM). Kinetic data were collected
over time using a Biacore 2000 system from Biacore Life
Sciences (GE Healthcare) and the data were fit using the
simultaneous global fit equation to yield affinity constants
(K, values) for each RSPO protein (Table 3).

TABLE 3
LGRS (M)
RSPO1 110
RSPO2 14
RSPO3 <1.0
RSPO4 73

Human RSPO1, RSPO2, RSPO3 and RSPO4 all bound to
LGRS, demonstrating that RSPO proteins may be ligands for
LGR proteins.

Example 3

Identification of Anti-RSPO3 Antibodies

A mammalian cell antibody library was screened and two
anti-RSPO3 antibodies, 131R002 and 131R003, were identi-
fied. Sequence data subsequently demonstrated that antibod-
ies 131R002 and 131R003 have the same light chain
sequence but different heavy chain sequences.

The K ;s of antibodies 131R002 and 131R003 were deter-
mined using a Biacore 2000 system from Biacore Life-
Sciences (GE Healthcare). Recombinant human RSPO3 pro-
tein was biotinylated and captured on streptavidin-coated
chips (GE Healthcare) with coating densities of 400-700 ru.
The antibodies were serially diluted 2-fold from 100 nM to
0.78 nM in HBS-P (0.01M HEPES pH 7.4, 0.15M NaCl,
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0.005% v/v Surfactant P20) and were injected over the chip
surface. Kinetic data were collected over time and were fit
using the simultaneous global fit equation to yield affinity
constants (K, values) for each antibody.

Antibody 131R002 had an affinity constant (K ) for
human RSPO3 of 8.2 nM and antibody 131R003 had a K, for
human RSPO3 of 7.3 nM.

Example 4

In Vitro Testing for Inhibition of $-Catenin Activity by Anti-
RSPO3 Antibodies

HEK-293 cells were transfected with a 6xTCF-luciferase
reporter vector (TOPflash, Millipore, Billerica, Mass.). After
24-48 hrs, the transfected HEK-293 cells were incubated with
a combination of WNT3a (5 ng/ml) and human RSPO3 (10
ng/ml, R&D BioSystems, Minneapolis, Minn.) in the pres-
ence of anti-RSPO3 antibodies 131R002 and 131R003. Anti-
bodies 131R002 and 131R003 were added to the cells in
4-fold serial dilutions from 20 pg/mlto 0.02 uml. As controls,
cells were incubated with a combination of WNT3a and
RSPO3, WNT3a only, RSPO3 only, or with no addition. The
cells were incubated for 16 hours and luciferase activity was
measured using Steady-Glo® Luciferase Assay System
according to the manufacturer’s instructions (Promega,
Madison, Wis.).

As shown in FIG. 3, anti-RSPO3 antibodies 131R002 and
131R003 each reduced RSPO3-induced (-catenin signaling
in a dose-dependent manner. These results demonstrated that
antibodies 131R002 and 131R003 are specific inhibitors of
RSPO3 and are capable of reducing and/or blocking RSPO3-
induced f-catenin signaling.

Example 5

Affinity Maturation and Humanization of RSPO3 Antibodies

Anti-RSPO3 antibody 131R003 was affinity matured and
several variants were identified. One 131R003 variant had an
altered heavy chain CDR1 (SEQ ID NO:34) as compared to
parental 131R003 antibody. A second variant had an altered
heavy chain CDR3 (SEQ ID NO:35) as compared to parental
131R003. An additional variant was generated that comprised
both the altered heavy chain CDR1 and CDR3 as compared to
parental 131R003.

HEK-293 cells were transfected with a 6xTCF-luciferase
reporter vector (TOPflash, Millipore, Billerica, Mass.). After
24-48 hrs, the transfected HEK-293 cells were incubated with
a combination of WNT3a and human RSPO3 in the presence
of anti-RSPO3 antibodies 131R003, 131R003CDR1 variant
and 131R003CDR3 variant. 131R003, 131R003CDR1 vari-
ant, and 131R003CDR3 variant were added to the cells in
5-fold serial dilutions from 20 pg/ml to 0.006 pg/ml. As
controls, cells were incubated with a combination of WNT3a
and RSPO3, WNT3a only, RSPO3 only, a control antibody, or
with no addition. The cells were incubated for 16 hours and
luciferase activity was measured using Steady-Glo®
Luciferase Assay System according to the manufacturer’s
instructions (Promega, Madison, Wis.).

As shown in FIG. 4, anti-RSPO3 antibodies
131R003CDR1 variant and 131R003CDR3 variant each
reduced RSPO3-induced f-catenin signaling in a dose-de-
pendent manner and at lower concentrations than parental
131R003. These results demonstrated that the 131R003 vari-
ants retained the characteristics of parental 131R003, i.e.,
they were specific inhibitors of RSPO3 and were capable of
reducing and/or blocking RSPO3-induced [-catenin signal-
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ing. In addition, these results demonstrated that the 131R003
variants had better activity than parental 131R003.

Humanized forms of 131R003 variants were generated
using standard techniques. Humanized antibodies h131R005,
h131R007, h131R008, h131R010, h131R011 comprise an
altered heavy chain CDR3 as compared to parental 131R003
antibody. Humanized 131R006B comprises an altered heavy
chain CDR3 as compared to parental 131R003 antibody.
Antibodies h131R005/131R007, h131R010, and h131R011
comprise several amino acid substitutions in framework
region 3 as compared to antibody 131R006B. Antibodies
h131R005/131R007, h131R006, and h131R011 are IgG2
antibodies. Antibodies h131R008 and h131R010 are IgG1
antibodies. Antibodies h131R005/131R007, h31R010, and
h131R011 comprise the same heavy chain variable region.
Antibodiesh131R010 and h131R011 comprise the same light
chain variable region, which is different than the light chain
variable region of h131R005/131R007.

A plasmid encoding the heavy chain of the 131R010 anti-
body was deposited with American Type Culture Collection
(ATCC), 10801 University Boulevard, Manassas, Va., USA,
under the conditions of the Budapest Treaty on Jun. 18,2013,
and assigned ATCC deposit designation number
PTA-120420. A plasmid encoding the light chain of the
131R010 antibody was deposited with ATCC, 10801 Univer-
sity Boulevard, Manassas, Va., USA, under the conditions of
the Budapest Treaty on Jun. 18, 2013, and assigned ATCC
deposit designation number PTA-120421.

Example 6

Inhibition of Ovarian Tumor Growth In Vivo by Anti-RSPO
Antibodies

Dissociated OMP-OV38 ovarian tumor cells (1x10° cells)
were injected in to 6-8 week old NOD/SCID mice. Tumors
were allowed to grow for 39 days until they reached an aver-
age volume of 150 mm?>. The mice were randomized (n=8 per
group) and treated with a combination of anti-RSPO1 anti-
body 89M5 and anti-RSPO3 antibody 131R003, a combina-
tion of anti-RSPO1 antibody 89MS, anti-RSPO3 antibody
131R003, and taxol, taxol as a single agent, or a control
antibody. Antibodies were dosed at 20 mg/kg once a week,
and taxol was dosed at 15 mg/ml once a week. Administration
of the antibodies and taxol was performed via injection into
the intraperitoneal cavity. Tumor growth was monitored and
tumor volumes were measured with electronic calipers at the
indicated time points. Data are expressed as mean+S.E.M.

As shown in FIG. 5, a combination of anti-RSPO1 and
anti-RSPO3 antibodies inhibited OMP-OV38 ovarian tumor
growth. Surprisingly, a combination of anti-RSPO1 antibody
89MS, anti-RSPO3 antibody 131R002, and taxol inhibited
tumor growth to a significantly greater level than taxol alone
or the antibody combination alone.

Dissociated OMP-OV38 ovarian tumor cells (1x10° cells)
were injected in to 6-8 week old NOD/SCID mice. Tumors
were allowed to grow for 35 days until they reached an aver-
age volume of 140 mm®. The mice were randomized (n=10
per group) and treated with anti-RSPO3 antibody 131R002,
anti-RSPO1 antibody 89MS5, taxol, a combination of 89M5
and taxol, a combination of 131R002 and taxol, a combina-
tion of 89IMS5 and 131R002, a combination of 89MS5,
131R002 and taxol, or a control antibody. Antibodies were
dosed at 20 mg/kg once a week, and taxol was dosed at 15
mg/ml once a week through day 46 and subsequently dosed at
7.5 mg/kg. Administration of the antibodies and taxol was
performed via injection into the intraperitoneal cavity. Tumor
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growth was monitored and rumor volumes were measured
with electronic calipers at the indicated time points. Data are
expressed as mean+S.E.M.

As shown in FIG. 6, a combination of anti-RSPO1 anti-
body 89MS5 and anti-RSPO3 antibody 131R002 inhibited
OMP-OV38 ovarian tumor growth as compared to control
antibody. Combinations of anti-RSPO1 antibody 89M5 and
taxol or anti-RSPO3 antibody 131R002 and taxol had no
effect relative to taxol alone. However, surprisingly a combi-
nation of anti-RSPO1 89MS5, anti-RSPO3 antibody 131R002,
and taxol showed activity that was greater than taxol alone.

Example 7

Inhibition of Lung Tumor Growth In Vivo by Anti-RSPO3
Antibodies

In OMP-LU45 non-small cell lung tumors, it has been
observed that CD201"* cells are more tumorigenic than
CD201~ cells. Furthermore, RSPO3 was found to be highly
expressed in the CD201" cell population. Dissociated and
sorted OMP-LU45 CD44*CD201* lung tumor cells (5x10*
cells) were injected into 6-8 week old NOD/SCID mice.
Tumors were allowed to grow for 38 days until they reached
an average volume of 140 mm?. The mice were randomized
(0=10 per group) and treated with anti-RSPO3 antibody
131R002 or a control antibody. Antibodies were dosed at 25
mg/kg once a week and administration of the antibodies was
performed via injection into the intraperitoneal cavity. Tumor
growth was monitored and tumor volumes were measured
with electronic calipers at the indicated time points. Data are
expressed as mean+S.E.M.

In a study with a second lung tumor, dissociated OMP-
LU25 lung tumor cells (5x10* cells) were injected into 6-8
week old NOD/SCID mice. Tumors were allowed to grow for
48 days until they reached an average volume of 110 mm®.
The mice were randomized (n=9 per group) and treated with
anti-RSPO3 antibody 131R002 or a control antibody. Anti-
bodies were dosed at 25 mg/kg once a week and administra-
tion of the antibodies was performed via injection into the
intraperitoneal cavity. Tumor growth was monitored and
tumor volumes were measured with electronic calipers at the
indicated time points. Data are expressed as mean+S.E.M.

As shown in FIGS. 7A and 7B, anti-RSPO antibody
131R002 inhibited growth of both lung tumors OMP-L.U45
and OMP-LU25 as compared to a control antibody.

Example 8

Inhibition of p-Catenin Activity by Anti-RSPO3 Antibodies

HEK-293 cells were transfected with a 6xTCF-luciferase
reporter vector (TOPflash, Millipore, Billerica, Mass.). After
24-48 hrs, the transfected HEK-293 cells were incubated with
a combination of WNT3a conditioned medium (5 ng/ml) and
human RSPO3 (10 ng/ml, R&D BioSystems) in the presence
ofanti-RSPO3 antibodies 131R002, 131R006B, or 131R007.
Antibodies 131R002, 131R006 or 131R007 were added to
the cells in 5-fold serial dilutions from 20 pg/ml to 0.0064
ng/ml. As controls, cells were incubated with WNT3a condi-
tioned medium alone, a combination of WNT3a conditioned
medium and human RSPO3, or with no addition to cells. The
cells were incubated for 16 hours and luciferase activity was
measured using Steady-Glo® Luciferase Assay System
according to the manufacturer’s instructions (Promega,
Madison, Wis.).

As shown in FIG. 8, all three anti-RSPO3 antibodies
reduced WNT3a/RSPO3-induced p-catenin signaling in a
dose-dependent manner. The humanized antibodies
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131R006B and 131R007 appeared to have a greater ability to
inhibit P-catenin activity than antibody 131R002. These
results demonstrated that humanized antibodies 131R006B
and 131R007 are stronger inhibitors of RSPO3 than 131R002
and are capable of reducing and/or blocking WNT3a/RSPO3-
induced f-catenin signaling.

Example 9

Inhibition of RSPO3 Binding to LGRS

HEK-293T cells were transfected with a cDNA expression
vector that encoded the extracellular domain of human LGRS
(FLAG-LGRS5-CD4TM-GFP). Transfected cells were incu-
bated with recombinant RSPO3-biotin fusion protein in the
presence of anti-RSPO3 antibodies 131R006B or 131R007.
Cells were incubated without antibody as a control. Cells
were washed in PBS and binding of RSPO3 to LGR5-ex-
pressing transfected cells was determined by addition of PE-
conjugated streptavidin and analysis by flow cytometry.

As shown in FIG. 9, anti-RSPO3 antibodies 131R006B
and 131R007 were highly effective in blocking binding of
RSPO3 to LGRS5-expressing cells.

Example 10

Binding Affinities of RSPO3 Antibodies

The K, of RSPO3 antibodies 131R002, 131R003,
131R003CDR3  variant, h131R007, h131R008, and
h131R011 were determined using a Biacore 2000 system
from Biacore LifeSciences (GE Healthcare). The method
used was different than described in Example 3. A goat anti-
human IgG antibody was coupled to a carboxymethyl-dext-
ran (CMS5) SPR chip using standard amine-based chemistry
(NHS/EDC) and blocked with ethanolamine. Antibodies (pu-
rified antibody or culture supernatant) were diluted to a con-
centration of 10 pg/ml in HBS-P-BSA (0.01M HEPES
pH7.4, 0.15M NaCl, 0.005% v/v Polysorbate 20, 100 ng/ml
BSA) and captured onto the chip via the anti-human IgG
antibody. Human RSPO3 (R&D Systems) was serially
diluted 2-fold from 300 nM to 37.5 nM in HBS-P-BSA and
injected sequentially over the captured anti-RSPO3 antibod-
ies. RSPO3 association and dissociation was measured at
each concentration. After each antigen injection 5 pl of 100
mM H,PO, was injected to remove the antigen-antibody
complex and a subsequent injection performed. Kinetic data
were collected over time and were fit using the simultaneous
global fit equation to yield affinity constants (K, values) for
each antibody (Table 4).

TABLE 4
RSPO3 Antibody Kp
131R002 (IgG2) 1.310M
131R003 (IgG2) 1.9 1M
131R003 CDR3 variant (IgG2) 1.70M
h131R007 (IgG2) 654 pM
h131R008 (IgG1) 876 pM
h131R010 (IgG1) ND
h131R011 (IgG2) 686 pM

In additional experiments, antibody h131R008 was shown
to have a K, as low as 448 pM for human RSPO3, no detect-
able binding to human RSPO1 or RSPO2, and weak binding
to human RSPO4. Antibody h131R008 was shown to have a
K, of 248 pM for murine RSPO3, no detectable binding to
murine RSPO1 or RSPO2 and weak binding to murine
RSPOA4.
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Example 11

Inhibition of Lung Tumor Growth In Vivo by Anti-RSPO3
Antibodies

The non-small cell lung cancer (NSCLC) cell line NCI-
H2030 was selected for testing based on a high level of
RPSO3 expression in microarray data. NCI-H2030 cells
(1x10%) were injected into NOD-SCID mice. Tumors were
allowed to grow for approximately 60 days until they reached
an average volume of 100 mm>. Tumor-bearing mice were
randomized into 4 groups (n=7-9 per group). Tumor-bearing
mice were treated with anti-RSPO3 antibody 131R002, car-
boplatin, a combination of anti-RSPO3 antibody 131R002
and carboplatin, or a control antibody. Antibodies were dosed
at 25 mg/kg once a week. Carboplatin was dosed at 50 mg/kg
once a week. Tumor growth was monitored and tumor vol-
umes were measured with electronic calipers on the indicated
days post-treatment.

As shown in FIG. 10, treatment with anti-RSPO3 antibody
in combination with carboplatin inhibited NCI-H2030 tumor
growth better than carboplatin alone or the antibody alone.

OMP-L.U102 is a patient-derived non-small cell lung can-
cer (NSCLC) xenograft that was selected for testing based on
a high level of RPSO3 expression in microarray data. OMP-
LU102 lung tumor cells (1x10°) were injected into NOD-
SCID mice. Tumors were allowed to grow for 22 days until
they reached an average volume of 90 mm?>. Tumor-bearing
mice were randomized into 4 groups (n=10 per group).
Tumor-bearing mice were treated with anti-RSPO3 antibody
131R002, carboplatin, a combination of anti-RSPO3 anti-
body 131R002 and carboplatin, or a control antibody. Anti-
bodies were dosed at 25 mg/kg once a week. Carboplatin was
dosed at 50 mg/kg once a week. Tumor growth was monitored
and tumor volumes were measured with electronic calipers
on the indicated days post-treatment.

As shown in FIG. 11A, treatment with anti-RSPO3 anti-
body inhibited OMP-LU102 lung tumor growth as a single
agent but had much greater effect in combination with carbo-
platin.

RNA was prepared from tumors from each of the four
experimental groups following the treatment. Gene expres-
sion was characterized by microarray analysis. Gene set
enrichment analysis indicated that anti-RSPO3 antibody
treatment (either as a single agent or in combination with
carboplatin) inhibited the expression of various gene sets
characteristic of normal stem cells or cancer stem cells as
shown in FIG. 11B. Treatment with carboplatin alone did not
have this effect on gene expression.

Example 12

Inhibition of Pancreatic Tumor Growth In Vivo by Anti-
RSPO3 Antibodies

OMP-PN35 is patient-derived pancreatic ductal adenocari-
coma (PDAC) xenograft that was selected for testing based on
high level of RPSO3 expression in microarray data. OMP-
PN35 (1x10°) tumor cells were injected into NOD-SCID
mice. Tumors were allowed to grow for 30 days until they
reached an average volume of 90 mm?®. Tumor-bearing mice
were randomized into 4 groups (n=10 per group). Tumor-
bearing mice were treated with anti-RSPO3 antibody
131R002, gemcitabine plus nab-paclitaxel (ABRAXANE), a
combination of anti-RSPO3 antibody and gemcitabine and
nab-paclitaxel (ABRAXANE). Antibodies were dosed at 25
mg/kg once a week. Gemcitabine was dosed at 20 mg/kg once
a week and nab-paclitaxel (ABRAXANE) was dosed at 30
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mg/kg once a week. Tumor growth was monitored and tumor
volumes were measured with electronic calipers on the indi-
cated days post-treatment.

In FIG. 12A the results from all four treatment groups are
shown and in FIG. 12B only the combination treatments are
shown on an expanded scale. FIGS. 12A and 12B show that
anti-RSPO3 antibody in combination with gemcitabine and
nab-paclitaxel (ABRAXANE) inhibited OMP-PN35 pancre-
atic tumor growth better than gemcitabine and nab-paclitaxel
(ABRAXANE) alone.

Example 13

Inhibition of f-Catenin Activity by Anti-RSPO3 Antibodies

HEK-293 cells were transfected with a 6xTCF-luciferase
reporter vector (TOPflash, Millipore, Billerica, Mass.). After
24-48 hrs, the transfected HEK-293 cells were incubated with
a combination of WNT3a conditioned medium (5 ng/ml) and
human RSPO3 (2 ng/ml, R&D BioSystems) in the presence
of'anti-RSPO3 antibodies h131R007 or h131R010. Antibod-
ies h131R007 or h131R010 were added to the cells in 5-fold
serial dilutions from 20 pg/ml to 0.0064 pg/ml. As controls,
cells were incubated with WNT3a conditioned medium
alone, a combination of WNT3a conditioned medium and
human RSPO3, or with no addition to cells. The cells were
incubated for 16 hours and luciferase activity was measured
using Steady-Glo® Luciferase Assay System according to
the manufacturer’s instructions (Promega, Madison, Wis.).

As shown in FIG. 13, antibody h131R010 reduced
WNT3a/RSPO3-induced f-catenin signaling in a dose-de-
pendent manner and to a similar extent as h131R007. Since
h131R010 inhibited -catenin signaling to the same extent as
h131R007, it is clear that activity of the anti-RSPO3 antibody
was not affected by conversion to an IgG1 isotype.
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Example 14

Inhibition of Lung Tumor Growth In Vivo by Anti-RSPO3
Antibodies

OMP-L.U2S5 is a patient-derived non small cell lung cancer
(NSCLC) xenograft that was selected for testing based on
high level of RPSO3 expression in microarray data. OMP-
LU25 tumor cells (5x10%) were injected into NOD-SCID
mice. Tumors were allowed to grow for 33 days until they
reached an average volume of 120 mm>. Tumor-bearing mice
were randomized into 4 groups (n=9 per group). Tumor-
bearing mice were treated with either control antibody, anti-
RSPO3 antibody 131R008, paclitaxel, or the combination of
anti-RSPO3 antibody 131R008 and paclitaxel. Antibodies
were dosed weekly at 20 mg/kg. Paclitaxel was dosed weekly
at 15 mg/kg. Tumor growth was monitored and tumor vol-
umes were measured with electronic calipers on the indicated
days post-treatment.

As shown in FIG. 14, anti-RSPO3 antibody 131R008
inhibited OMP-LU2S5 tumor growth as a single agent and in
combination with chemotherapy. Furthermore, the combina-
tion of anti-RSPO3 antibody 131R008 with paclitaxel led to
tumor regression.

It is understood that the examples and embodiments
described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be sug-
gested to person skilled in the art and are to be included within
the spirit and purview of this application.

All publications, patents, patent applications, internet
sites, and accession numbers/database sequences including
both polynucleotide and polypeptide sequences cited herein
are hereby incorporated by reference herein in their entirety
for all purposes to the same extent as if each individual
publication, patent, patent application, internet site, or acces-
sion number/database sequence were specifically and indi-
vidually indicated to be so incorporated by reference.

The sequences disclosed in the application are:

Human RSPO1 protein sequence with signal sequence

(SEQ ID NO: 1)

MRLGLCVVALVLSWTHLTISSRGIKGKRQRRISAEGSQACAKGCELCSEVNGCLKCSPKL

FILLERNDIRQVGVCLPSCPPGYFDARNPDMNKCIKCKIEHCEACFSHNFCTKCKEGLYL

HKGRCYPACPEGSSAANGTMECS SPAQCEMSEWSPWGPCSKKQQLCGFRRGSEERTRRVL

HAPVGDHAACSDTKETRRCTVRRVPCPEGQKRRKGGQGRRENANRNLARKESKEAGAGSR

RRKGQOQQOQQQGTVGPLTSAGPA

Human RSPO2 protein sequence with signal sequence

(SEQ ID NO: 2)

MQFRLFSFALIILNCMDYSHCQGNRWRRSKRASYVSNPICKGCLSCSKDNGCSRCQQKLF

FFLRREGMRQYGECLHSCPSGYYGHRAPDMNRCARCRIENCDSCFSKDFCTKCKVGFYLH

RGRCFDECPDGFAPLEETMECVEGCEVGHWSEWGTCSRNNRTCGFKWGLETRTRQIVKKP

VICTIPCPTIAESRRCKMTMRHCPGGKRTPKAKEKRNKKKKRKLIERAQEQHSVFLATDR

ANQ

Human RSPO3 protein sequence with signal sequence

(SEQ ID NO: 3)

MHLRLISWLFIILNFMEYIGSQNASRGRROQRRMHPNVSQGCQGGCATCSDYNGCLSCKPR

LFFALERIGMKQIGVCLSSCPSGYYGTRYPDINKCTKCKADCDTCFNKNFCTKCKSGEFYL

HLGKCLDNCPEGLEANNHTMECVSIVHCEVSEWNPWSPCTKKGKTCGFKRGTETRVREII

QHPSAKGNLCPPTNETRKCTVQRKKCQKGERGKKGRERKRKKPNKGESKEAIPDSKSLES

SKEIPEQRENKQQQKKRKVQDKQKSVSVSTVH
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Human RSPO4 protein sequence with signal sequence

MRAPLCLLLLVAHAVDMLALNRRKKQVGTGLGGNCTGCIICSEENGCSTCQORLFLFIRR

EGIRQYGKCLHDCPPGYFGIRGQEVNRCKKCGATCESCFSQDFCIRCKRQFYLYKGKCLP

TCPPGTLAHQNTRECQGECELGPWGGWSPCTHNGKT CGSAWGLESRVREAGRAGHEEAAT

CQVLSESRKCPIQRPCPGERSPGQKKGRKDRRPRKDRKLDRRLDVRPRQPGLQP

Human RSPO3 protein sequence without predicted signal sequence

ONASRGRRQRRMHPNVSQGCQGGCATCSDYNGCLSCKPRLFFALERIGMKQIGVCLSSCP

SGYYGTRYPDINKCTKCKADCDTCFNKNFCTKCKSGFYLHLGKCLDNCPEGLEANNHTME

CVSIVHCEVSEWNPWSPCTKKGKTCGFKRGTETRVREI IQHPSAKGNLCPPTNETRKCTV

QRKKCQKGERGKKGRERKRKKPNKGESKEAIPDSKSLESSKEIPEQRENKQOQKKRKVQD

KQKSVSVSTVH

Human RSPO3 furin-like domain 1

PNVSQGCQGGCATCSDYNGCLSCKPRLFFALERIGMKQIGVCLSSCPSGYYG

Human RSPO3 furin-like domain 2

INKCTKCKADCDTCFNKNFCTKCKSGFYLHLGKCLDNCPEGLEA

Human RSPO3 thrombospondin domain

HCEVSEWNPWSPCTKKGKTCGFKRGTETRVREIIQHPSAKGNLCPPTNETRKCTVQRKKCQ

131R002/131R003 Heavy chain

KASGYTFTDYS
131R002/131R003
IYPSNGDS
131R002/131R003
ATYFANYFDY
131R002/131R003
QSVDYDGDSYM
131R002/131R003
AAS
131R002/131R003

QOSNEDPLT

131R002 Heavy chain variable region

Heavy

Heavy

Light

Light

Light

chain

chain

chain

chain

chain

CDR1

CDR2

CDR3

CDR1

CDR2

CDR3

QVOLQESGPELVKPGASVKISCKASGYTFTDYSIHWVKONHGKSLDWIGYIYPSNGDSGYN

QKFKNRATLTVDTSSSTAYLEVRRLTFEDSAVYYCATYFANYFDYWGQGTTLTVSSAST

131R003 Heavy chain variable region

QVQLKQSGPELVKPGASVKISCKASGYTFTDYSIHWVKONHGKSLDWIGYIYPSNGDSGYN

QKFKNRATLTVDTSYSTAYLEVRRLTFEDSAVYYCATYFANYFDYWGQGTTLTVSSAST

131R002/131R003 Light chain variable region

DIVLTQSPASLAVSLGQRATISCKASQSVDYDGDSYMNWYQQOKPGQPPKLLIYAASNLESG

IPARFSGSGSGTDFTLNIHPVEEEDAATYYCQQSNEDPLTFGAGTKLELKR

106

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ

(SEQ

(SEQ

(SEQ

(SEQ

(SEQ

(SEQ

(SEQ

iD

iD

iD

iD

iD

iD

iD

iD

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

4)

5)

6

7

8

9

10)

11)

12)

13)

14)

15)

16)

17)
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-continued
131R002 Heavy chain variable region nucleotide sequence
CAGGTACAATTGCAAGAATCCGGACCCGAACTTGTGAAGCCCGGAGCGTCAGTCAAGATC
TCGTGTAAGGCCAGCGGGTACACCTTTACGGATTATTCGATCCATTGGGTAAAACAGANT
CACGGGAAGTCGCTCGACTGGATTGGTTATATCTACCCGTCCAACGGTGATTCGGGATAC
AACCAGAAGTTCAAAAATCGGGCCACACTTACAGTGGACACATCGTCGTCAACTGCATAT
CTCGAGGTCCGCAGACTGACGTTTGAGGACTCAGCTGTCTACTATTGCGCGACTTATTTC
GCCAACTACTTCGATTACTGGGGCCAGGGGACGACACTGACGGTCAGCTCCGCGAGCACC
131R003 Heavy chain variable region nucleotide sequence
CAGGTGCAACTTAAACAGTCGGGGCCTGAGTTGGTCAAACCAGGAGCCTCAGTAAAGATT
AGCTGCAAAGCATCAGGTTATACCTTTACGGATTACTCGATCCACTGGGTGAAGCAGAAC
CACGGAAAGTCACTGGATTGGATCGGGTACATCTACCCCTCGAATGGAGATTCGGGGTAT
AACCAAAAGTTCAAAAACCGGGCCACGCTGACTGTGGACACGTCGTATTCCACCGCATAT
TTGGAAGTCCGCAGACTCACGTTCGAGGACTCCGCGGTATACTATTGTGCCACATACTTT

GCGAATTACTTTGACTACTGGGGTCAGGGCACAACGCTTACTGTCTCCAGCGCGTCAACA

131R002/131R003 Light chain variable region nucleotide sequence

GACATCGTGCTCACACAGAGCCCTGCATCGCTCGCAGTATCGCTTGGTCAGCGAGCGACC

ATTTCATGCAAAGCGTCACAATCGGTAGATTACGACGGAGACTCCTACATGAACTGGTAT

CAGCAGAAACCAGGGCAGCCCCCGAAGTTGCTCATCTACGCCGCGTCCAATCTGGAGTCA

GGCATTCCCGCCAGATTCAGCGGGAGCGGGTCAGGAACGGATTTTACCCTCAATATCCAT

CCGGTAGAGGAGGAAGATGCGGCGACTTACTATTGTCAGCAGT CGAATGAGGACCCACTC

ACGTTCGGGGCTGGAACAAAACTGGAACTTAAACGG

108

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

131R002 Heavy chain amino acid sequence with predicted signal sequence underlined

MKHLWFFLLLVAAPRWVLSQVQLQESGPELVKPGASVKISCKASGYTFTDYSIHWVKQNH

GKSLDWIGYIYPSNGDSGYNQKFKNRATLTVDTSSSTAYLEVRRLTFEDSAVYYCATYFA

NYFDYWGQGTTLTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG

ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCV

ECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVH

NAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPRE

PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFF

LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

(SEQ ID NO:

131R003 Heavy chain amino acid sequence with predicted signal sequence underlined

MKHLWFFLLLVAAPRWVLSQVQLKQSGPELVKPGASVKISCKASGYTFTDYSIHWVKQNH

GKSLDWIGYIYPSNGDSGYNQKFKNRATLTVDTSYSTAYLEVRRLTFEDSAVYYCATYFA

NYFDYWGQGTTLTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG

ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCV

ECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVH

NAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPRE

PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFF

LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

(SEQ ID NO:

18)

19)

20)

21)

22)
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-continued

110

131R002/131R003 Light chain amino acid sequence with predicted signal sequence underlined

MKHLWFFLLLVAAPRWVLSDIVLTQSPASLAVSLGQRATISCKASQSVDYDGDSYMNWYQ

QKPGQPPKLLIYAASNLESGIPARFSGSGSGTDFTLNIHPVEEEDAATYYCQQSNEDPLT

FGAGTKLELKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSG

NSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

131R002 Heavy chain nucleotide sequence with predicted signal sequence

ATGAAACACTTGTGGTTCTTTCTTTTGCTGGTGGCAGCGCCTAGGTGGGTGCTCAGCCAG

GTACAATTGCAAGAATCCGGACCCGAACTTGTGAAGCCCGGAGCGTCAGTCAAGATCTCG

TGTAAGGCCAGCGGGTACACCTTTACGGATTATTCGATCCATTGGGTAAAACAGAATCAC

GGGAAGTCGCTCGACTGGATTGGTTATATCTACCCGTCCAACGGTGATTCGGGATACAAC

CAGAAGTTCAAAAATCGGGCCACACTTACAGTGGACACATCGTCGTCAACTGCATATCTC

GAGGTCCGCAGACTGACGTTTGAGGACTCAGCTGTCTACTATTGCGCGAATTATTTCGCC

AACTACTTCGATTACTGGGGCCAGGGGACGACACTGACGGTCAGCTCCGCGAGCACCAAG

GGCCCCTCCGTGTTCCCTCTGGCCCCTTGCTCCCGGTCCACCTCTGAGTCTACCGCCGCT

CTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCTGGC

GCCCTGACCTCTGGCGTGCACACCTTCCCTGCCGTGCTGCAGTCCTCCGGCCTGTACTCC

CTGTCCTCCGTGGTGACCGTGCCTTCCTCCAACTTCGGCACCCAGACCTACACCTGCAAC

GTGGACCACAAGCCTTCCAACACCAAGGTGGACAAGACCGTGGAGCGGAAGTGCTGCGTG

GAGTGCCCTCCTTGTCCTGCTCCTCCTGTGGCTGGCCCTTCTGTGTTCCTGTTCCCTCCT

AAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAAGTGACCTGCGTGGTGGTGGAC

GTGTCCCACGAGGACCCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAGGTGCAC

AACGCCAAGACCAAGCCTCGGGAGGAACAGTTCAACTCCACCTTCCGGGTGGTGTCTGTG

CTGACCGTGGTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCCAAC

AAGGGCCTGCCTGCCCCTATCGAAAAGACCATCTCTAAGACCAAGGGCCAGCCTCGCGAG

CCTCAGGTCTACACCCTGCCTCCTAGCCGGGAGGAAATGACCAAGAACCAGGTGTCCCTG

ACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGGGAGTCTAACGGC

CAGCCTGAGAACAACTACAAGACCACCCCTCCTATGCTGGACTCCGACGGCTCCTTCTTC

CTGTACTCCAAGCTGACAGTGGACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCTCCTGC

TCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGTCTCCT

GGCAAGTGA

131R003 Heavy chain nucleotide sequence with predicted signal sequence

ATGAAGCATCTTTGGTTCTTCCTGCTCTTGGTGGCTGCGCCGAGGTGGGTGCTCAGCCAG

GTGCAACTTAAACAGTCGGGGCCTGAGTTGGT CAAACCAGGAGCCTCAGTAAAGATTAGC

TGCAAAGCATCAGGTTATACCTTTACGGATTACTCGATCCACTGGGTGAAGCAGAACCAC

GGAAAGTCACTGGATTGGATCGGGTACATCTACCCCTCGAATGGAGATTCGGGGTATAAC

CAAAAGTTCAAAAACCGGGCCACGCTGACTGTGGACACGTCGTATTCCACCGCATATTTG

GAAGTCCGCAGACTCACGTTCGAGGACTCCGCGGTATACTATTGTGCCACATACTTTGCG

AATTACTTTGACTACTGGGGT CAGGGCACAACGCTTACTGTCTCCAGCGCGTCAACAAAG

GGCCCCTCCGTGTTCCCTCTGGCCCCTTGCTCCCGGTCCACCTCTGAGTCTACCGCCGCT

CTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCTGGC

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

23)

24)

25)
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-continued
GCCCTGACCTCTGGCGTGCACACCTTCCCTGCCGTGCTGCAGTCCTCCGGCCTGTACTCC

CTGTCCTCCGTGGTGACCGTGCCTTCCTCCAACTTCGGCACCCAGACCTACACCTGCAAC
GTGGACCACAAGCCTTCCAACACCAAGGTGGACAAGACCGTGGAGCGGAAGTGCTGCGTG
GAGTGCCCTCCTTGTCCTGCTCCTCCTGTGGCTGGCCCTTCTGTGTTCCTGTTCCCTCCT
AAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAAGTGACCTGCGTGGTGGTGGAC
GTGTCCCACGAGGACCCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAGGTGCAC
AACGCCAAGACCAAGCCTCGGGAGGAACAGTTCAACTCCACCTTCCGGGTGGTGTCTGTG
CTGACCGTGGTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCCAAC
AAGGGCCTGCCTGCCCCTATCGAAAAGACCATCTCTAAGACCAAGGGCCAGCCTCGCQAG
CCTCAGGTCTACACCCTGCCTCCTAGCCGGGAGGAAATGACCAAGAACCAGGTGTCCCTG
ACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGGGAGTCTAACGGC
CAGCCTGAGAACAACTACAAGACCACCCCTCCTATGCTGGACTCCGACGGCTCCTTCTTC
CTGTACTCCAAGCTGACAGTGGACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCTCCTGC
TCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGTCTCCT

GGCAAGTGA

131R002/131R003 Light chain nucleotide sequence with predicted signal sequence

ATGAAGCACCTCTGGTTCTTTCTTCTTCTGGTCGCAGCGCCGAGATGGGTACTTAGCGAC

ATCGTGCTCACACAGAGCCCTGCATCGCTCGCAGTATCGCTTGGTCAGCGAGCGACCATT

TCATGCAAAGCGTCACAATCGGTAGATTACGACGGAGACTCCTACATGAACTGGTATCAG

CAGAAACCAGGGCAGCCCCCGAAGTTGCTCATCTACGCCGCGTCCAATCTGGAGTCAGGC

ATTCCCGCCAGATTCAGCGGGAGCGGGTCAGGAACGGATTTTACCCTCAATATCCATCCG

GTAGAGGAGGAAGATGCGGCGACTTACTATTGTCAGCAGT CGAATGAGGACCCACTCACG

TTCGGGGCTGGAACAAAACTGGAACTTAAACGGACTGTGGCGGCTCCCTCAGTGTTCATC

TTCCCTCCCTCCGACGAACAATTGAAGTCGGGTACTGCCTCCGTCGTCTGTTTGTTGAAC

AACTTTTATCCGAGGGAAGCCAAGGTGCAGTGGAAGGTGGATAATGCGCTGCAGAGCGGT

AACTCGCAAGAGTCAGTCACAGAGCAAGACTCGAAGGATTCGACGTATTCGCTCAGCAGC

ACATTGACGCTGTCGAAGGCAGATTACGAGAAACACAAGGTGTACGCGTGCGAGGTCACC

CATCAGGGATTGTCGTCACCCGTGACGAAATCCTTTAACCGCGGAGAATGCTGA

131R002 Heavy chain amino acid sequence without predicted signal sequence

QVQOLQESGPELVKPGASVKISCKASGYTFTDYSIHWVKQONHGKSLDWIGYIYPSNGDSGY

NQKFKNRATLTVDTSSSTAYLEVRRLTFEDSAVYYCATYFANYFDYWGQGTTLTVSSAST

KGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY

SLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLEFP

PKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVS

VLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVS

LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVES

CSVMHEALHNHY TQKSLSLSPGK

131R003 Heavy chain amino acid sequence without predicted signal sequence

QVQLKQSGPELVKPGASVKISCKASGYTFTDYSIHWVKQONHGKSLDWIGYIYPSNGDSGY

NQKFKNRATLTVDTSYSTAYLEVRRLTFEDSAVYYCATYFANYFDYWGQGTTLTVSSAST

KGPSVFPLAPCSPSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY

112

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

26)

27)

28)
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-continued
SLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLEP
PKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVS
VLTVVHQODWLNGKEYKCKVSNKGLPAPIEKTI SKTKGQPREPQVY TLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLY SKLTVDKSRWQQGNVES

CSVMHEALHNHY TQKSLSLSPGK

114

131R002/131R003 Light chain amino acid sequence without predicted signal sequence

DIVLTQSPASLAVSLGQRATISCKASQSVDYDGDSYMNWYQQKPGQPPKLLIYAASNLES
GIPARFSGSGSGTDFTLNIHPVEEEDAATYYCQQSNEDPLTFGAGTKLELKRTVAAPSVFE
IFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLS

STLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

131R002 Heavy chain amino acid sequence without predicted signal sequence

CAGGTACAATTGCAAGAATCCGGACCCGAACTTGTGAAGCCCGGAGCGTCAGTCAAGATC

TCGTGTAAGGCCAGCGGGTACACCTTTACGGATTATTCGATCCATTGGGTAAAACAGAAT

CACGGGAAGTCGCTCGACTGGATTGGTTATATCTACCCGTCCAACGGTGATTCGGGATAC

AACCAGAAGTTCAAAAATCGGGCCACACTTACAGTGGACACATCGTCGTCAACTGCATAT

CTCGAGGTCCGCAGACTGACGTTTGAGGACTCAGCTGTCTACTATTGCGCGACTTATTTC

GCCAACTACTTCGATTACTGGGGCCAGGGGACGACACTGACGGTCAGCTCCGCGAGCACC

AAGGGCCCCTCCGTGTTCCCTCTGGCCCCTTGCTCCCGGTCCACCTCTGAGTCTACCGCC

GCTCTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCT

GGCGCCCTGACCTCTGGCGTGCACACCTTCCCTGCCGTGCTGCAGTCCTCCGGCCTGTAC

TCCCTGTCCTCCGTGGTGACCGTGCCTTCCTCCAACTTCGGCACCCAGACCTACACCTGC

AACGTGGACCACAAGCCTTCCAACACCAAGGTGGACAAGACCGTGGAGCGGAAGTGCTGC

GTGGAGTGCCCTCCTTGTCCTGCTCCTCCTGTGGCTGGCCCTTCTGTGTTCCTGTTCCCT

CCTAAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAAGTGACCTGCGTGGTGGTG

GACGTGTCCCACGAGGACCCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAGGTG

CACAACGCCAAGACCAAGCCTCGGGAGGAACAGTTCAACTCCACCTTCCGGGTGGTGTCT

GTGCTGACCGTGGTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCC

AACAAGGGCCTGCCTGCCCCTATCGAAAAGACCATCTCTAAGACCAAGGGCCAGCCTCGC

GAGCCTCAGGTCTACACCCTGCCTCCTAGCCGGGAGGAAATGACCAAGAACCAGGTGTCC

CTGACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGGGAGTCTAAC

GGCCAGCCTGAGAACAACTACAAGACCACCCCTCCTATGCTGGACTCCGACGGCTCCTTC

TTCCTGTACTCCAAGCTGACAGTGGACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCTCC

TGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGTCT

CCTGGCAAGTGA

131R003 Heavy chain amino acid sequence without predicted signal sequence

CAGGTGCAACTTAAACAGTCGGGGCCTGAGTTGGTCAAACCAGGAGCCTCAGTAAAGATT

AGCTGCAAAGCATCAGGTTATACCTTTACGGATTACTCGATCCACTGGGTGAAGCAGAAC

CACGGAAAGTCACTGGATTGGATCGGGTACATCTACCCCTCGAATGGAGATTCGGGGTAT

AACCAAAAGTTCAAAAACCGGGCCACGCTGACTGTGGACACGTCGTATTCCACCGCATAT

TTGGAAGTCCGCAGACTCACGTTCGAGGACTCCGCGGTATACTATTGTGCCACATACTTT

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

29)

30)

31)
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GCGAATTACTTTGACTACTGGGGTCAGGGCACAACGCTTACTGTCTCCAGCGCGTCAACA

AAGGGCCCCTCCGTGTTCCCTCTGGCCCCTTGCTCCCGGTCCACCTCTGAGTCTACCGCC
GCTCTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCT
GGCGCCCTGACCTCTGGCGTGCACACCTTCCCTGCCGTGCTGCAGTCCTCCGGCCTGTAC
TCCCTGTCCTCCGTGGTGACCGTGCCTTCCTCCAACTTCGGCACCCAGACCTACACCTGC
AACGTGGACCACAAGCCTTCCAACACCAAGGTGGACAAGACCGTGGAGCGGAAGTGCTGC
GTGGAGTGCCCTCCTTGTCCTGCTCCTCCTGTGGCTGGCCCTTCTGTGTTCCTGTTCCCT
CCTAAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAAGTGACCTGCGTGGTGGTG
GACGTGTCCCACGAGGACCCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAGGTG
CACAACGCCAAGACCAAGCCTCGGGAGGAACAGTTCAACTCCACCTTCCGGGTGGTGTCT
GTGCTGACCGTGGTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCC
AACAAGGGCCTGCCTGCCCCTATCGAAAAGACCATCTCTAAGACCAAGGGCCAGCCTCGC
GAGCCTCAGGTCTACACCCTGCCTCCTAGCCGGGAGGAAATGACCAAGAACCAGGTGTCC
CTGACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGGGAGTCTAAC
GGCCAGCCTGAGAACAACTACAAGACCACCCCTCCTATGCTGGACTCCGACGGCTCCTTC
TTCCTGTACTCCAAGCTGACAGTGGACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCTCC
TGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGTCT

CCTGGCAAGTGA

116

131R002/131R003 Light chain amino acid sequence without predicted signal sequence

GACATCGTGCTCACACAGAGCCCTGCATCGCTCGCAGTATCGCTTGGTCAGCGAGCGACC
ATTTCATGCAAAGCGTCACAATCGGTAGATTACGACGGAGACTCCTACATGAACTGGTAT
CAGCAGAAACCAGGGCAGCCCCCGAAGTTGCTCATCTACGCCGCGTCCAATCTGGAGTCA
GGCATTCCCGCCAGATTCAGCGGGAGCGGGTCAGGAACGGATTTTACCCTCAATATCCAT
CCGGTAGAGGAGGAAGATGCGGCGACTTACTATTGTCAGCAGT CGAATGAGGACCCACTC
ACGTTCGGGGCTGGAACAAAACTGGAACTTAAACGGACTGTGGCGGCTCCCTCAGTGTTC
ATCTTCCCTCCCTCCGACGAACAATTGAAGTCGGGTACTGCCTCCGTCGTCTGTTTGTTG
AACAACTTTTATCCGAGGGAAGCCAAGGTGCAGTGGAAGGTGGATAATGCGCTGCAGAGC
GGTAACTCGCAAGAGTCAGTCACAGAGCAAGACTCGAAGGATTCGACGTATTCGCTCAGC
AGCACATTGACGCTGTCGAAGGCAGATTACGAGAAACACAAGGTGTACGCGTGCGAGGTC
ACCCATCAGGGATTGTCGTCACCCGTGACGAAATCCTTTAACCGCGGAGAATGCTGA
FLAG Tag

DYKDDDDK

131R003 Heavy chain CDR1 variant

KASGYTFTSYTF

131R003 Heavy chain CDR3 variant

ATYFANNEDY

131R003 Heavy chain variable region - Variant 1
QVQLKQSGPELVKPGASVKISCKASGYTFTDYSIHWVKQONHGKSLDWIGYIYPSNGDSGY

NQKFKNRATLTVDTSYSTAYLEVRRLTFEDSAVYYCATYFANNEDYWGQGTTLTVSS

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

32)

33)

34)

35)

36)
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131R003 Heavy chain variable region - Variant 2
QVQLKQSGPELVKPGASVKISCKASGYTFTSY TFHWVKQONHGKSLDWIGYIYPSNGDSGY

NQKFKNRATLTVDTSYSTAYLEVRRLTFEDSAVYYCATYFANNEFDYWGQGTTLTVSS

131R003 Heavy chain - Variant 1 with predicted signal sequence underlined

MKHLWFFLLLVAAPRWVLSQVQLKQSGPELVKPGASVKISCKASGYTFTDY SIHWVKQNH

GKSLDWIGYIYPSNGDSGYNQKFKNRATLTVDTSYSTAYLEVRRLTFEDSAVYYCATYFA

NNEFDYWGQGTTLTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG

ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCV

ECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVH

NAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPRE

PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFF

LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

131R003 Heavy chain - Variant 1 without predicted signal sequence

QVQLKQSGPELVKPGASVKISCKASGYTFTDYSIHWVKQONHGKSLDWIGYIYPSNGDSGY

NQKFKNRATLTVDTSYSTAYLEVRRLTFEDSAVYYCATYFANNFDYWGQGTTLTVSSAST

KGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY

SLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLEFP

PKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVS

VLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQTS

LTCLVKGFYPSDEAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVES

CSVMHEALHNHY TQKSLSPGK

131R003 Heavy chain - Variant 1 nucleic acid with predicted signal sequence

ATGAAGCATCTTTGGTTCTTCCTGCTCTTGGTGGCTGCGCCGAGGTGGGTGCTCAGCCAG

GTGCAACTTAAACAGTCGGGGCCTGAGTTGGT CAAACCAGGAGCCTCAGTAAAGATTAGC

TGCAAAGCATCAGGTTATACCTTTACGGATTACTCGATCCACTGGGTGAAGCAGAACCAC

GGAAAGTCACTGGATTGGATCGGGTACATCTACCCCTCGAATGGAGATTCGGGGTATAAC

CAAAAGTTCAAAAACCGGGCCACGCTGACTGTGGACACGTCGTATTCCACCGCATATTTG

GAAGTCCGCAGACTCACGTTCGAGGACTCCGCGGTATACTATTGTGCCACATACTTTGCG

AATAACTTTGACTACTGGGGT CAGGGCACAACGCTTACTGTCTCCAGCGCGTCAACAAAG

GGCCCCTCCGTGTTCCCTCTGGCCCCTTGCTCCCGGTCCACCTCTGAGTCTACCGCCGCT

CTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCTGGC

GCCCTGACCTCTGGCGTGCACACCTTCCCTGCCGTGCTGCAGTCCTCCGGCCTGTACTCC

CTGTCCTCCGTGGTGACCGTGCCTTCCTCCAACTTCGGCACCCAGACCTACACCTGCAAC

GTGGACCACAAGCCTTCCAACACCAAGGTGGACAAGACCGTGGAGCGGAAGTGCTGCGTG

GAGTGCCCTCCTTGTCCTGCTCCTCCTGTGGCTGGCCCTTCTGTGTTCCTGTTCCCTCCT

AAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAAGTGACCTGCGTGGTGGTGGAC

GTGTCCCACGAGGACCCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAGGTGCAC

AACGCCAAGACCAAGCCTCGGGAGGAACAGTTCAACTCCACCTTCCGGGTGGTGTCTGTG

CTGACCGTGGTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCCAAC

AAGGGCCTGCCTGCCCCTATCGAAAAGACCATCTCTAAGACCAAGGGCCAGCCTCGCGAG
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(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

37)

38)

39)

40)
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CCTCAGGTCTACACCCTGCCTCCTAGCCGGGAGGARATGACCAAGAACCAGGTGTCCCTE

ACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGGGAGTCTAACGGC
CAGCCTGAGAACAACTACAAGACCACCCCTCCTATGCTGGACTCCGACGGCTCCTTCTTC
CTGTACTCCAAGCTGACAGTGGACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCTCCTGC
TCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGTCTCCT

GGCAAGTGA

131R003 Heavy chain - Variant 2 with predicted signal sequence underlined

MKHLWFFLLLVAAPRWVLSQVQLKQSGPELVKPGASVKISCKASGYTFTSY TFHWVKQNH

GKSLDWIGYIYPSNGDSGYNQKFKNRATLTVDTSYSTAYLEVRRLTFEDSAVYYCATYFA
NNEFDYWGQGTTLTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCV
ECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVH
NAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPRE
PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFF
LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

131R003 Heavy chain - Variant 2 without predicted signal sequence
QVQLKQSGPELVKPGASVKISCKASGYTFTSY TFHWVKQONHGKSLDWIGYIYPSNGDSGY
NQKFKNRATLTVDTSYSTAYLEVRRLTFEDSAVYYCATYFANNFDYWGQGTTLTVSSAST
KGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY
SLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLEFP
PKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVS
VLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVES
CSVMHEALHNHY TQKSLSLSPGK

131R003 Heavy chain - Variant 2 nucleic acid with predicted signal sequence
ATGAAGCATCTTTGGTTCTTCCTGCTCTTGGTGGCTGCGCCGAGGTGGGTGCTCAGCCAG
GTGCAACTTAAACAGTCGGGGCCTGAGTTGGT CAAACCAGGAGCCTCAGTAAAGATTAGC
TGCAAAGCATCAGGATACACCTTCACTAGCTATACATTCCACTGGGTGAAGCAGAACCAC
GGAAAGTCACTGGATTGGATCGGGTACATCTACCCCTCGAATGGAGATTCGGGGTATAAC
CAAAAGTTCAAAAACCGGGCCACGCTGACTGTGGACACGTCGTATTCCACCGCATATTTG
GAAGTCCGCAGACTCACGTTCGAGGACTCCGCGGTATACTATTGTGCCACATACTTTGCG
AATAACTTTGACTACTGGGGT CAGGGCACAACGCTTACTGTCTCCAGCGCGTCAACAAAG
GGCCCCTCCGTGTTCCCTCTGGCCCCTTGCTCCCGGTCCACCTCTGAGTCTACCGCCGCT
CTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCTGGC
GCCCTGACCTCTGGCGTGCACACCTTCCCTGCCGTGCTGCAGTCCTCCGGCCTGTACTCC
CTGTCCTCCGTGGTGACCGTGCCTTCCTCCAACTTCGGCACCCAGACCTACACCTGCAAC
GTGGACCACAAGCCTTCCAACACCAAGGTGGACAAGACCGTGGAGCGGAAGTGCTGCGTG
GAGTGCCCTCCTTGTCCTGCTCCTCCTGTGGCTGGCCCTTCTGTGTTCCTGTTCCCTCCT
AAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAAGTGACCTGCGTGGTGGTGGAC
GTGTCCCACGAGGACCCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAGGTGCAC

AACGCCAAGACCAAGCCTCGGGAGGAACAGTTCAACTCCACCTTCCGGGTGGTGTCTGTG
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(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

41)

42)

43)
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CTGACCGTGGTGCACCAGGACTGGC TGAACGGCAAAGAATACAAGTGCAAGGTGTCCAAC
AAGGGCCTGCCTGCCCCTATCGARAAGACCATCTCTAAGACCAAGGGCCAGCCTCGCGAG
CCTCAGGTCTACACCCTGCCTCCTAGCCGGGAGGAAATGACCAAGAACCAGGTGTCCCTE
ACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGGGAGTC TAACGGC
CAGCCTGAGAACAACTACAAGACCACCCCTCCTATGCTGGACTCCGACGGCTCCTTCTTC
CTGTACTCCAAGCTGACAGTGGACAAGTCCCGGTGECAGCAGGGCAACGTGTTCTCCTGC
TCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGTCTCCT
GGCAAGTGA

Humanized 131R003 Antibodies

122

Humanized 131R005/131R007/131R008/131R010/131R011 Heavy chain variable region

QVQLVQSGAEVKKPGASVKVSCKASGYTFTDY SITHWVRQAPGQGLEWIGYIYPSNGDSGY
NQKFKNRVTMTRDTSTSTAYMELSRLRSEDTAVYYCATYFANNEFDYWGQGTTLTVSS
Humanized 131R006A Heavy chain variable region
QVQLVQSGAEVKKPGASVKVSCKASGYTFTSY TFHWVRQAPGQGLEWIGYIYPSNGDSGY

NQKFKNRVTMTRDTSTSTAYMELSRLRSEDTAVYYCATYFANNEFDYWGQGTTLTVSS

(SEQ ID NO:

(SEQ ID NO:

44)

45)

Humanized 131R005/131R007/131R011 Heavy chain (IgG2) with predicted signal sequence underlined

MKHLWFFLLLVAAPRWVLSQVQLVQSGAEVKKPGASVKVSCKASGYTFTDY SITHWVRQAP

GQGLEWIGYIYPSNGDSGYNQKFKNRVTMTRDTSTS TAYMELSRLRSEDTAVYYCATYFA

NNEFDYWGQGTTLTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG

ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCV

ECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVH

NAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPRE

PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFF

LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

(SEQ ID NO:

Humanized 131R006A Heavy chain with predicted signal sequence underlined

MKHLWFFLLLVAAPRWVLSQVQLVQSGAEVKKPGASVKVSCKASGYTFTSY TFHWVRQAP

GOGLEWIGYTYPSNGDSGYNQKFKNRVTMTRDTSTSTAYMELSRLRSEDTAVYYCATYFA
NNFDYWGQGTTLTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCV
ECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVH
NAKTKPREEQFNSTFRVVSVLTVVHQODWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPRE
POQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFF
LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

Humanized 131R005/131R007/131R011 Heavy chain (IgG2) without
QVQOLVQSGAEVKKPGASVKVSCKASGYTFTDY STHWVRQAPGOGLEWIGYIYPSNGDSGY
NQKFKNRVTMTRDTSTSTAYMELSRLRSEDTAVYYCATYFANNFDYWGQGTTLTVSSAST
KGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY
SLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLFEP
PKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVS

VLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVS

(SEQ ID NO:

predicted signal sequence
(SEQ ID NO:

46)

47)

48)
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LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVES

CSVMHEALHNHY TQKSLSLSPGK

Humanized 131R006A Heavy chain without predicted signal sequence

QVQLVQSGAEVKKPGASVKVSCKASGYTFTSY TFHWVRQAPGQGLEWIGYIYPSNGDSGY

NQKFKNRVTMTRDTSTSTAYMELSRLRSEDTAVYYCATYFANNFDYWGQGTTLTVSSAST

KGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY

SLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLEFP

PKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVS

VLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVS

LTCLVKGFYPSDIATEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVES

CSVMHEALHNHY TQKSLSLSPGK

Humanized 131R005/131R007 Heavy chain variable region nucleic acid

CAAGTCCAATTGGTCCAGAGCGGTGCCGAAGTGAAGAAACCGGGAGCTTCCGTGAAAGTG
AGCTGCAAGGCTTCTGGATACACCTTCACTGACTATTCAATCCACTGGGTGAGACAGGCA
CCTGGTCAGGGACTGGAGTGGATTGGATACATCTACCCCTCAAATGGGGACTCTGGCTAC
AACCAAAAGTTCAAGAACCGGGTGACTATGACCAGAGATACCTCAACATCTACTGCCTAC
ATGGAACTCAGCAGGCTGCGCTCAGAGGACACCGCAGTGTATTACTGTGCCACCTACTTC
GCTAATAACTTCGACTATTGGGGGCAGGGCACCACCCTGACTGTCAGCTCA

Humanized 131R006A Heavy chain variable region nucleic acid
CAAGTCCAATTGGTCCAGAGCGGTGCCGAAGTGAAGAAACCGGGAGCTTCCGTGAAAGTG
AGCTGCAAGGCTTCTGGATACACCTTCACTAGCTATACATTCCACTGGGTGAGACAGGCA
CCTGGTCAGGGACTGGAGTGGATTGGATACATCTACCCCTCAAATGGGGACTCTGGCTAC
AACCAAAAGTTCAAGAACCGGGTGACTATGACCAGAGATACCTCAACATCTACTGCCTAC
ATGGAACTCAGCAGGCTGCGCTCAGAGGACACCGCAGTGTATTACTGTGCCACCTACTTC

GCTAATAACTTCGACTATTGGGGGCAGGGCACCACCCTGACTGTCAGCTCA

Humanized 131R005/131R007 Heavy chain nucleic acid with predicted signal sequence

ATGAAGCATCTGTGGTTTTTCCTCCTCCTTGTCGCCGCTCCACGCTGGGTGCTTTCCCAA

GTCCAATTGGTCCAGAGCGGTGCCGAAGTGAAGAAACCGGGAGCTTCCGTGAAAGTGAGC

TGCAAGGCTTCTGGATACACCTTCACTGACTATTCAATCCACTGGGTGAGACAGGCACCT

GGTCAGGGACTGGAGTGGATTGGATACATCTACCCCTCAAATGGGGACTCTGGCTACAAC

CAAAAGTTCAAGAACCGGGTGACTATGACCAGAGATACCTCAACATCTACTGCCTACATG

GAACTCAGCAGGCTGCGCTCAGAGGACACCGCAGTGTATTACTGTGCCACCTACTTCGCT

AATAACTTCGACTATTGGGGGCAGGGCACCACCCTGACTGTCAGCTCAGCCTCAACCAAG

GGCCCCTCCGTGTTCCCTCTGGCCCCTTGCTCCCGGTCCACCTCTGAGTCTACCGCCGCT

CTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCTGGC

GCCCTGACCTCTGGCGTGCACACCTTCCCTGCCGTGCTGCAGTCCTCCGGCCTGTACTCC

CTGTCCTCCGTGGTGACCGTGCCTTCCTCCAACTTCGGCACCCAGACCTACACCTGCAAC

GTGGACCACAAGCCTTCCAACACCAAGGTGGACAAGACCGTGGAGCGGAAGTGCTGCGTG

GAGTGCCCTCCTTGTCCTGCTCCTCCTGTGGCTGGCCCTTCTGTGTTCCTGTTCCCTCCT

AAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAAGTGACCTGCGTGGTGGTGGAC

124

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

49)

50)

51)

52)
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GTGTCCCACGAGGACCCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAGGTGCAC

AACGCCAAGACCAAGCCTCGGGAGGAACAGTTCAACTCCACCTTCCGGGTGGTGTCTGTG
CTGACCGTGGTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCCAAC
AAGGGCCTGCCTGCCCCTATCGAAAAGACCATCTCTAAGACCAAGGGCCAGCCTCGCGAG
CCTCAGGTCTACACCCTGCCTCCTAGCCGGGAGGAAATGACCAAGAACCAGGTGTCCCTG
ACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGGGAGTCTAACGGC
CAGCCTGAGAACAACTACAAGACCACCCCTCCTATGCTGGACTCCGACGGCTCCTTCTTC
CTGTACTCCAAGCTGACAGTGGACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCTCCTGC
TCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGTCTCCT

GGCAAGTGA

Humanized 131R006A Heavy chain nucleic acid with predicted signal sequence

ATGAAGCATCTGTGGTTTTTCCTCCTCCTTGTCGCCGCTCCACGCTGGGTGCTTTCCCAA

GTCCAATTGGTCCAGAGCGGTGCCGAAGTGAAGAAACCGGGAGCTTCCGTGAAAGTGAGC

TGCAAGGCTTCTGGATACACCTTCACTAGCTATACATTCCACTGGGTGAGACAGGCACCT

GGTCAGGGACTGGAGTGGATTGGATACATCTACCCCTCAAATGGGGACTCTGGCTACAAC

CAAAAGTTCAAGAACCGGGTGACTATGACCAGAGATACCTCAACATCTACTGCCTACATG

GAACTCAGCAGGCTGCGCTCAGAGGACACCGCAGTGTATTACTGTGCCACCTACTTCGCT

AATAACTTCGACTATTGGGGGCAGGGCACCACCCTGACTGTCAGCTCAGCCTCAACCAAG

GGCCCCTCCGTGTTCCCTCTGGCCCCTTGCTCCCGGTCCACCTCTGAGTCTACCGCCGCT

CTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCTGGC

GCCCTGACCTCTGGCGTGCACACCTTCCCTGCCGTGCTGCAGTCCTCCGGCCTGTACTCC

CTGTCCTCCGTGGTGACCGTGCCTTCCTCCAACTTCGGCACCCAGACCTACACCTGCAAC

GTGGACCACAAGCCTTCCAACACCAAGGTGGACAAGACCGTGGAGCGGAAGTGCTGCGTG

GAGTGCCCTCCTTGTCCTGCTCCTCCTGTGGCTGGCCCTTCTGTGTTCCTGTTCCCTCCT

AAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAAGTGACCTGCGTGGTGGTGGAC

GTGTCCCACGAGGACCCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAGGTGCAC

AACGCCAAGACCAAGCCTCGGGAGGAACAGTTCAACTCCACCTTCCGGGTGGTGTCTGTG

CTGACCGTGGTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCCAAC

AAGGGCCTGCCTGCCCCTATCGAAAAGACCATCTCTAAGACCAAGGGCCAGCCTCGCGAG

CCTCAGGTCTACACCCTGCCTCCTAGCCGGGAGGAAATGACCAAGAACCAGGTGTCCCTG

ACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGGGAGTCTAACGGC

CAGCCTGAGAACAACTACAAGACCACCCCTCCTATGCTGGACTCCGACGGCTCCTTCTTC

CTGTACTCCAAGCTGACAGTGGACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCTCCTGC

TCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGTCTCCT

GGCAAGTGA

126

(SEQ ID NO:

Humanized 131R005/131R007 Heavy chain nucleic acid without predicted signal sequence

CAAGTCCAATTGGTCCAGAGCGGTGCCGAAGTGAAGAAACCGGGAGCTTCCGTGAAAGTG

AGCTGCAAGGCTTCTGGATACACCTTCACTGACTATTCAATCCACTGGGTGAGACAGGCA

CCTGGTCAGGGACTGGAGTGGATTGGATACATCTACCCCTCAAATGGGGACTCTGGCTAC

AACCAAAAGTTCAAGAACCGGGTGACTATGACCAGAGATACCTCAACATCTACTGCCTAC

ATGGAACTCAGCAGGCTGCGCTCAGAGGACACCGCAGTGTATTACTGTGCCACCTACTTC

(SEQ ID NO:

53)

54)
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GCTAATAACTTCGACTATTGGGGGCAGGGCACCACCCTGACTGTCAGCTCAGCCTCAACC
AAGGGCCCCTCCGTGTTCCCTCTGGCCCCTTGCTCCCGGTCCACCTCTGAGTCTACCGCC
GCTCTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCT
GGCGCCCTGACCTCTGGCGTGCACACCTTCCCTGCCGTGCTGCAGTCCTCCGGCCTGTAC
TCCCTGTCCTCCGTGGTGACCGTGCCTTCCTCCAACTTCGGCACCCAGACCTACACCTGC
AACGTGGACCACAAGCCTTCCAACACCAAGGTGGACAAGACCGTGGAGCGGAAGTGCTGC
GTGGAGTGCCCTCCTTGTCCTGCTCCTCCTGTGGCTGGCCCTTCTGTGTTCCTGTTCCCT
CCTAAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAAGTGACCTGCGTGGTGGTG
GACGTGTCCCACGAGGACCCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAGGTG
CACAACGCCAAGACCAAGCCTCGGGAGGAACAGTTCAACTCCACCTTCCGGGTGGTGTCT
GTGCTGACCGTGGTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCC
AACAAGGGCCTGCCTGCCCCTATCGAAAAGACCATCTCTAAGACCAAGGGCCAGCCTCGC
GAGCCTCAGGTCTACACCCTGCCTCCTAGCCGGGAGGAAATGACCAAGAACCAGGTGTCC
CTGACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGGGAGTCTAAC
GGCCAGCCTGAGAACAACTACAAGACCACCCCTCCTATGCTGGACTCCGACGGCTCCTTC
TTCCTGTACTCCAAGCTGACAGTGGACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCTCC
TGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGTCT

CCTGGCAAGTGA

Humanized 131R006A Heavy chain - nucleic acid without predicted signal sequence

CAAGTCCAATTGGTCCAGAGCGGTGCCGAAGTGAAGAAACCGGGAGCTTCCGTGAAAGTG

AGCTGCAAGGCTTCTGGATACACCTTCACTAGCTATACATTCCACTGGGTGAGACAGGCA

CCTGGTCAGGGACTGGAGTGGATTGGATACATCTACCCCTCAAATGGGGACTCTGGCTAC

AACCAAAAGTTCAAGAACCGGGTGACTATGACCAGAGATACCTCAACATCTACTGCCTAC

ATGGAACTCAGCAGGCTGCGCTCAGAGGACACCGCAGTGTATTACTGTGCCACCTACTTC

GCTAATAACTTCGACTATTGGGGGCAGGGCACCACCCTGACTGTCAGCTCAGCCTCAACC

AAGGGCCCCTCCGTGTTCCCTCTGGCCCCTTGCTCCCGGTCCACCTCTGAGTCTACCGCC

GCTCTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCT

GGCGCCCTGACCTCTGGCGTGCACACCTTCCCTGCCGTGCTGCAGTCCTCCGGCCTGTAC

TCCCTGTCCTCCGTGGTGACCGTGCCTTCCTCCAACTTCGGCACCCAGACCTACACCTGC

AACGTGGACCACAAGCCTTCCAACACCAAGGTGGACAAGACCGTGGAGCGGAAGTGCTGC

GTGGAGTGCCCTCCTTGTCCTGCTCCTCCTGTGGCTGGCCCTTCTGTGTTCCTGTTCCCT

CCTAAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAAGTGACCTGCGTGGTGGTG

GACGTGTCCCACGAGGACCCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAGGTG

CACAACGCCAAGACCAAGCCTCGGGAGGAACAGTTCAACTCCACCTTCCGGGTGGTGTCT

GTGCTGACCGTGGTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCC

AACAAGGGCCTGCCTGCCCCTATCGAAAAGACCATCTCTAAGACCAAGGGCCAGCCTCGC

GAGCCTCAGGTCTACACCCTGCCTCCTAGCCGGGAGGAAATGACCAAGAACCAGGTGTCC

CTGACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGGGAGTCTAAC

GGCCAGCCTGAGAACAACTACAAGACCACCCCTCCTATGCTGGACTCCGACGGCTCCTTC

TTCCTGTACTCCAAGCTGACAGTGGACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCTCC

128

(SEQ ID NO:

55)
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TGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGTCT

CCTGGCAAGTGA

Human IgGl Heavy chain constant region
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDE
LTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW
QOGNVFSCSVMHEALHNHY TQKSLSLSPGK

Human IgG2 Heavy chain constant region
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFE
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFR
VVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKN
QVSLTCLVKGFYPSDIAVEWESNGQPENNYKT TPPMLDSDGSFFLYSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

Human IgG3 Heavy chain constant region
ASTKGPSVFPLAPCSRSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQTYTCNVNHKPSNTKVDKRVELKTPLGDTTHTCPRCPEPKSC
DTPPPCPRCPEPKSCDTPPPCPRCPEPKSCDTPPPCPRCPAPELLGGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVQFKWYVDGVEVHNAKTKPREEQYNSTFRVVSVLTVLH
QDWLNGKEYKCKVSNKALPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVK
GFYPSDIAVEWESSGQPENNYNTTPPMLDSDGSFFLYSKLTVDKSRWQQGNIFSCSVMHE
ALHNRFTQKSLSLSPGK

Human IgG4 Heavy chain constant region
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPSCPAPEFLGGPSV
FLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTK
NQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEG
NVFSCSVMHEALHNHYTQKSLSLSLGK

Human IgG2 Heavy chain constant region (13A Chain variant)
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFE
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFR
VVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREKMTKN
QVSLTCLVKGFYPSDIAVEWESNGQPENNYKT TPPMLKSDGSFFLYSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

Human IgG2 Heavy chain constant region (13B Chain variant)
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS

GLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFE

130

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

56)

57)

58)

59)

60)

61)
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LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFR
VVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKN
QVSLTCLVEGFYPSDIAVEWESNGQPENNYKT TPPMLDSDGSFFLYSELTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

Humanized 131R006B Heavy chain variable region
QVQLVQSGAEVKKPGASVKVSCKASGYTFTDY SITHWVRQAPGQGLEWIGYIYPSNGDSGY

NQKFKNRVTMTVDTSYSTAYMELSRLRSEDTAVYYCATYFANNEFDYWGQGTTLTVSS

Humanized 131R006B Heavy chain with predicted signal sequence underlined

MKHLWFFLLLVAAPRWVLSQVQLVQSGAEVKKPGASVKVSCKASGYTFTDY SITHWVRQAP

GQGLEWIGYIYPSNGDSGYNQKFKNRVTMTVDTSYSTAYMELSRLRSEDTAVYYCATYFA

NNEFDYWGQGTTLTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG

ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCV

ECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVH

NAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPRE

PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFF

LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

Humanized 131R006B Heavy chain without predicted signal sequence

QVQLVQSGAEVKKPGASVKVSCKASGYTFTDY SITHWVRQAPGQGLEWIGYIYPSNGDSGY
NQKFKNRVTMTVDTSYSTAYMELSRLRSEDTAVYYCATYFANNFDYWGQGTTLTVSSAST
KGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY
SLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLEFP
PKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVS
VLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVES
CSVMHEALHNHY TQKSLSLSPGK

Humanized 131R0068 Heavy chain variable region nucleic acid

CAAGTCCAATTGGTCCAGAGCGGTGCCGAAGTGAAGAAACCGGGAGCTTCCGTGAAAGTG
AGCTGCAAGGCTTCTGGATACACCTTCACTGACTATTCAATCCACTGGGTGAGACAGGCA
CCTGGTCAGGGACTGGAGTGGATTGGATACATCTACCCCTCAAATGGGGACTCTGGCTAC
AACCAAAAGTTCAAGAACCGGGTGACTATGACCGTGGATACCTCATACTCTACTGCCTAC
ATGGAACTCAGCAGGCTGCGCTCAGAGGACACCGCAGTGTATTACTGTGCCACCTACTTC

GCTAATAACTTCGACTATTGGGGGCAGGGCACCACCCTGACTGTCAGCTCA

Humanized 131R006B Heavy chain nucleic acid with sequence signal

ATGAAGCATCTGTGGTTTTTCCTCCTCCTTGTCGCCGCTCCACGCTGGGTGCTTTCCCAA

GTCCAATTGGTCCAGAGCGGTGCCGAAGTGAAGAAACCGGGAGCTTCCGTGAAAGTGAGC

TGCAAGGCTTCTGGATACACCTTCACTGACTATTCAATCCACTGGGTGAGACAGGCACCT

GGTCAGGGACTGGAGTGGATTGGATACATCTACCCCTCAAATGGGGACTCTGGCTACAAC

CAAAAGTTCAAGAACCGGGTGACTATGACCGTGGATACCTCATACTCTACTGCCTACATG

GAACTCAGCAGGCTGCGCTCAGAGGACACCGCAGTGTATTACTGTGCCACCTACTTCGCT

AATAACTTCGACTATTGGGGGCAGGGCACCACCCTGACTGTCAGCTCAGCCTCAACCAAG

132

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

62)

63)

64)

65)

66)
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GGCCCCTCCETGTTCCCTCTGGCCCCTTGCTCCCGGTCCACCTCTGAGTCTACCGCCGCT

CTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCTGGC
GCCCTGACCTCTGGCGTGCACACCTTCCCTGCCGTGCTGCAGTCCTCCGGCCTGTACTCC
CTGTCCTCCGTGGTGACCGTGCCTTCCTCCAACTTCGGCACCCAGACCTACACCTGCAAC
GTGGACCACAAGCCTTCCAACACCAAGGTGGACAAGACCGTGGAGCGGAAGTGCTGCGTG
GAGTGCCCTCCTTGTCCTGCTCCTCCTGTGGCTGGCCCTTCTGTGTTCCTGTTCCCTCCT
AAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAAGTGACCTGCGTGGTGGTGGAC
GTGTCCCACGAGGACCCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAGGTGCAC
AACGCCAAGACCAAGCCTCGGGAGGAACAGTTCAACTCCACCTTCCGGGTGGTGTCTGTG
CTGACCGTGGTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCCAAC
AAGGGCCTGCCTGCCCCTATCGAAAAGACCATCTCTAAGACCAAGGGCCAGCCTCGCGAG
CCTCAGGTCTACACCCTGCCTCCTAGCCGGGAGGAAATGACCAAGAACCAGGTGTCCCTG
ACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGGGAGTCTAACGGC
CAGCCTGAGAACAACTACAAGACCACCCCTCCTATGCTGGACTCCGACGGCTCCTTCTTC
CTGTACTCCAAGCTGACAGTGGACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCTCCTGC
TCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGTCTCCT
GGCAAGTGA

Humanized 131R006B Heavy chain nucleic acid without predicted sequence signal

(SEQ ID NO: 67)

CAAGTCCAATTGGTCCAGAGCGGTGCCGAAGTGAAGAAACCGGGAGCTTCCGTGAAAGTG
AGCTGCAAGGCTTCTGGATACACCTTCACTGACTATTCAATCCACTGGGTGAGACAGGCA
CCTGGTCAGGGACTGGAGTGGATTGGATACATCTACCCCTCAAATGGGGACTCTGGCTAC
AACCAAAAGTTCAAGAACCGGGTGACTATGACCGTGGATACCTCATACTCTACTGCCTAC
ATGGAACTCAGCAGGCTGCGCTCAGAGGACACCGCAGTGTATTACTGTGCCACCTACTTC
GCTAATAACTTCGACTATTGGGGGCAGGGCACCACCCTGACTGTCAGCTCAGCCTCAACC
AAGGGCCCCTCCGTGTTCCCTCTGGCCCCTTGCTCCCGGTCCACCTCTGAGTCTACCGCC
GCTCTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCT
GGCGCCCTGACCTCTGGCGTGCACACCTTCCCTGCCGTGCTGCAGTCCTCCGGCCTGTAC
TCCCTGTCCTCCGTGGTGACCGTGCCTTCCTCCAACTTCGGCACCCAGACCTACACCTGC
AACGTGGACCACAAGCCTTCCAACACCAAGGTGGACAAGACCGTGGAGCGGAAGTGCTGC
GTGGAGTGCCCTCCTTGTCCTGCTCCTCCTGTGGCTGGCCCTTCTGTGTTCCTGTTCCCT
CCTAAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAAGTGACCTGCGTGQTGGTG
GACGTGTCCCACGAGGACCCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAGGTG
CACAACGCCAAGACCAAGCCTCGGGAGGAACAGTTCAACTCCACCTTCCGGGTGGTGTCT
GTGCTGACCGTGGTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCC
AACAAGGGCCTGCCTGCCCCTATCGAAAAGACCATCTCTAAGACCAAGGGCCAGCCTCGC
GAGCCTCAGGTCTACACCCTGCCTCCTAGCCGGGAGGAAATGACCAAGAACCAGGTGTCC
CTGACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGGGAGTCTAAC
GGCCAGCCTGAGAACAACTACAAGACCACCCCTCCTATGCTGGACTCCGACGGCTCCTTC
TTCCTGTACTCCAAGCTGACAGTGGACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCTCC

TGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGTCT

CCTGGCAAGTGA
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136

Humanized 131R008/131R010 Heavy chain (IgGl) with predicted signal sequence underlined

MKHLWFFLLLVAAPRWVLSQVQLVQSGAEVKKPGASVKVSCKASGYTFTDY SITHWVRQAP

GQGLEWIGYIYPSNGDSGYNQKFKNRVTMTRDTSTS TAYMELSRLRSEDTAVYYCATYFA

NNEFDYWCQGTTLTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSG

ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCD

KTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYNDG

VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKG

QPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD

GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

Humanized 131R008/131R010 Heavy chain (IgGl) without predicted signal sequence

QVQLVQSGAEVKKPGASVKVSCKASGYTFTDY SITHWVRQAPGQGLEWIGYIYPSNGDSGY

NQKFKNRVTMTRDTSTSTAYMELSRLRSEDTAVYYCATYFANNFDYWGQGTTLTVSSAST

KGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY

SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSV

FLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY

RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTK

NQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG

NVFSCSVMHEALHNHYTQKSLSLSPGK

Humanized 131R008 Heavy chain (IgGl) with signal sequence nucleic acid

ATGAAGCATCTGTGGTTTTTCCTCCTCCTTGTCGCCGCTCCACGCTGGGTGCTTTCCCAA

GTCCAATTGGTCCAGAGCGGTGCCGAAGTGAAGAAACCGGGAGCTTCCGTGAAAGTGAGC

TGCAAGGCTTCTGGATACACCTTCACTGACTATTCAATCCACTGGGTGAGACAGGCACCT

GGTCAGGGACTGGAGTGGATTGGATACATCTACCCCTCAAATGGGGACTCTGGCTACAAC

CAAAAGTTCAAGAACCGGGTGACTATGACCAGAGATACCTCAACATCTACTGCCTACATG

GAACTCAGCAGGCTGCGCTCAGAGGACACCGCAGTGTATTACTGTGCCACCTACTTCGCT

AATAACTTCGACTATTGGGGGCAGGGCACCACCCTGACTGTCAGCTCAGCCTCAACCAAG

GGCCCCTCCGTGTTCCCTCTGGCCCCTTCCTCCAAGTCCACCTCCGGCGGCACCGCCGCT

CTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCTGGC

GCCCTGACCTCTGGCGTGCACACCTTCCCAGCCGTGCTGCAGTCCTCCGGCCTGTACTCC

CTGTCCTCCGTGGTGACCGTGCCTTCCTCCTCCCTGGGCACCCAGACCTACATCTGCAAC

GTGAACCACAAGCCTTCCAACACCAAGGTGGACAAGCGGGTGGAGCCTAAGTCCTGCGAC

AAGACCCACACCTGCCCTCCCTGCCCTGCCCCTGAGCTGCTGGGCGGACCTTCCGTGTTC

CTGTTCCCTCCTAAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAGGTGACCTGC

GTGGTGGTGGACGTGTCCCACGAGGAT CCTGAGGTGAAGT TCAATTGGTACGTGGACGGC

GTGGAGGTGCACAACGCTAAGACCAAGCCAAGGGAGGAGCAGTACAACTCCACCTACCGG

GTGGTGTCTGTGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGC

AAGGTCTCCAACAAGGCCCTGCCCGCTCCCATCGAGAAAACCATCTCCAAGGCCAAGGGT

CAGCCTCGCGAGCCTCAGGTGTACACCCTGCCACCCAGCCGGGAGGAGATGACCAAGAAC

CAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGG

GAGTCTAACGGCCAGCCCGAGAACAACTACAAGACCACCCCTCCTGTGCTGGACTCCGAC

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

68)

69)

70)



US 9,181,333 B2

137

-continued
GGCTCCTTCTTCCTGTACTCCAAGCTGACCGTGGACAAGT CCCGGTGGCAGCAGGGCAAC

GTGTTCTCCTGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGAGCCTG

TCTCTGTCTCCTGGCAAGTGA

138

Humanized 131R008 Heavy chain (IgGl) without predicted signal sequence nucleic acid

CAAGTCCAATTGGTCCAGAGCGGTGCCGAAGTGAAGAAACCGGGAGCTTCCGTGAAAGTG
AGCTGCAAGGCTTCTGGATACACCTTCACTGACTATTCAATCCACTGGGTGAGACAGGCA
CCTGGTCAGGGACTGGAGTGGATTGGATACATCTACCCCTCAAATGGGGACTCTGGCTAC
AACCAAAAGTTCAAGAACCGGGTGACTATGACCAGAGATACCTCAACATCTACTGCCTAC
ATGGAACTCAGCAGGCTGCGCTCAGAGGACACCGCAGTGTATTACTGTGCCACCTACTTC
GCTAATAACTTCGACTATTGGGGGCAGGGCACCACCCTGACTGTCAGCTCAGCCTCAACC
AAGGGCCCCTCCGTGTTCCCTCTGGCCCCTTCCTCCAAGTCCACCTCCGGCGGCACCGCT
GCTCTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCT
GGCGCCCTGACCTCTGGCGTGCACACCTTCCCAGCCGTGCTGCAGTCCTCCGGCCTGTAC
TCCCTGTCCTCCGTGGTGACCGTGCCTTCCTCCTCCCTGGGCACCCAGACCTACATCTGC
AACGTGAACCACAAGCCTTCCAACACCAAGGTGGACAAGCGGGTGGAGCCTAAGTCCTGC
GACAAGACCCACACCTGCCCTCCCTGCCCTGCCCCTGAGCTGCTGGGCGGACCTTCCGTG
TTCCTGTTCCCTCCTAAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAGGTGACC
TGCGTGGTGGTGGACGTGTCCCACGAGGATCCTGAGGTGAAGTTCAATTGGTACGTGGAC
GGCGTGGAGGTGCACAACGCTAAGACCAAGCCAAGGGAGGAGCAGTACAACTCCACCTAC
CGGGTGGTGTCTGTGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAATACAAG
TGCAAGGTCTCCAACAAGGCCCTGCCCGCTCCCATCGAGAAAACCATCTCCAAGGCCAAG
GGCCAGCCTCGCGAGCCTCAGGTGTACACCCTGCCACCCAGCCGGGAGGAGATGACCAAG
AACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAG
TGGGAGTCTAACGGCCAGCCCGAGAACAACTACAAGACCACCCCTCCTGTGCTGGACTCC
GACGGCTCCTTCTTCCTGTACTCCAAGCTGACCGTGGACAAGT CCCGGTGGCAGCAGGGC
AACGTGTTCTCCTGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGAGC
CTGTCTCTGTCTCCTGGCAAGTGA

Humanized 131R005/131R007/131R008 Light chain variable region
DIVLTQSPASLAVSLGQRATITCKASQSVDYDGDSYMNWYQQKPGQPPKLLIYAASNLES

GIPARFSGSGSGTDFTLTINPVEAEDVATYYCQQSNEDPLTFGAGTKLELKR

(SEQ ID NO:

(SEQ ID NO:

Humanized 131R005/131R007/131R008 Light chain with predicted signal sequence underlined

MKHLWFFLLLVAAPRWVLSDIVLTQSPASLAVSLGQRATITCKASQSVDYDGDSYMNWYQ

QKPGQPPKLLIYAASNLESGIPARFSGSGSGTDFTLTINPVEAEDVATYYCQQSNEDPLT

FGAGTKLELKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSG

NSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

(SEQ ID NO:

Humanized 131R005/131R007/131R008 Light chain without predicted signal sequence underlined

DIVLTQSPASLAVSLGQRATITCKASQSVDYDGDSYMNWYQQKPGQPPKLLIYAASNLES

GIPARFSGSGSGTDFTLTINPVEAEDVATYYCQQSNEDPLTFGAGTKLELKRTVAAPSVFE

IFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLS

STLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

(SEQ ID NO:

71)

72)

73)

74)
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Humanized 131R005/131R007/131R008 Light chain variable region nucleic acid

GATATCGTCCTGACCCAAAGCCCTGCTTCACTTGCTGTGAGCCTGGGGCAACGCGCCACC

ATCACTTGCAAGGCATCTCAGAGCGTGGACTATGATGGAGACTCTTACATGAATTGGTAT

CAACAGAAGCCAGGTCAACCTCCCAAACTGCTGATCTACGCCGCATCTAATCTTGAAAGC

GGCATCCCGGCTCGGTTCTCTGGTTCTGGATCAGGAACCGACTTCACCCTCACCATTAAC

CCAGTGGAGGCCGAGGACGTGGCTACTTACTACTGCCAGCAGTCAAACGAGGACCCCCTG

ACTTTCGGAGCCGGGACCAAGCTGGAGCTTAAGCGT

Humanized 131R005/131R007/131R008 Light chain with signal sequence nucleic acid

ATGAAACATCTTTGGTTCTTCCTTCTGCTGGTCGCTGCTCCTCGGTGGGTGCTTAGCGAT

ATCGTCCTGACCCAAAGCCCTGCTTCACTTGCTGTGAGCCTGGGGCAACGCGCCACCATC

ACTTGCAAGGCATCTCAGAGCGTGGACTATGATGGAGACTCTTACATGAATTGGTATCAA

CAGAAGCCAGGTCAACCTCCCAAACTGCTGATCTACGCCGCATCTAATCTTGAAAGCGGC

ATCCCGGCTCGGTTCTCTGGTTCTGGATCAGGAACCGACTTCACCCTCACCATTAACCCA

GTGGAGGCCGAGGACGTGGCTACTTACTACTGCCAGCAGTCAAACGAGGACCCCCTGACT

TTCGGAGCCGGGACCAAGCTGGAGCTTAAGCGTACGGTGGCCGCACCGTCAGTCTTTATC

TTTCCACCCTCCGACGAACAGCTTAAGTCAGGCACTGCCTCAGTCGTGTGTCTCCTCAAT

AACTTCTACCCCAGGGAGGCCAAGGTGCAGTGGAAAGTGGACAACGCCCTCCAGTCCGGG

AACTCTCAAGAAAGCGTCACCGAGCAGGACAGCAAGGACTCCACCTACTCACTGTCAAGC

ACTCTCACCCTCTCAAAGGCCGATTATGAGAAGCACAAGGTGTACGCATGCGAAGTGACC

CATCAGGGTCTGTCCTCTCCTGTCACCAAGTCCTTCAATAGAGGAGAATGTTGA

140

(SEQ ID NO:

(SEQ ID NO:

Humanized 131R005/131R007/131R008 Light chain without predicted signal sequence nucleic acid

GATATCGTCCTGACCCAAAGCCCTGCTTCACTTGCTGTGAGCCTGGGGCAACGCGCCACC
ATCACTTGCAAGGCATCTCAGAGCGTGGACTATGATGGAGACTCTTACATGAATTGGTAT
CAACAGAAGCCAGGTCAACCTCCCAAACTGCTGATCTACGCCGCATCTAATCTTGAAAGC
GGCATCCCGGCTCGGTTCTCTGGTTCTGGATCAGGAACCGACTTCACCCTCACCATTAAC
CCAGTGGAGGCCGAGGACGTGGCTACTTACTACTGCCAGCAGTCAAACGAGGACCCCCTG
ACTTTCGGAGCCGGGACCAAGCTGGAGCTTAAGCGTACGGTGGCCGCACCGTCAGTCTTT
ATCTTTCCACCCTCCGACGAACAGCTTAAGTCAGGCACTGCCTCAGTCGTGTGTCTCCTC
AATAACTTCTACCCCAGGGAGGCCAAGGTGCAGTGGAAAGTGGACAACGCCCTCCAGTCC
GGGAACTCTCAAGAAAGCGTCACCGAGCAGGACAGCAAGGACTCCACCTACTCACTGTCA
AGCACTCTCACCCTCTCAAAGGCCGATTATGAGAAGCACAAGGTGTACGCATGCGAAGTG
ACCCATCAGGGTCTGTCCTCTCCTGTCACCAAGTCCTTCAATAGAGGAGAATGTTGA
Variant Heavy chain CDR1

DYSIH

Variant Heavy chain CDR2

YIYPSNGDSGYNQKFK

Variant Heavy chain CDR3

TYFANNFD

Variant Light chain CDR1

KASQSVDYDGDSYMN

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

75)

76)

77)

78)

79)

80)

81)
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Variant Light chain CDR2

AASNLES
Variant Light chain CDR3

QOSNEDPLTF

Humanized 131R010 Heavy chain (IgGl) with signal sequence nucleic acid

ATGAAACACTTGTGGTTCTTTCTGCTCCTTGTCGCAGCACCACGGTGGGTGCTGTCGCAA
GTGCAATTGGTGCAGTCCGGAGCGGAAGTGAAGAAGCCTGGTGCCTCGGTCAAAGTCTCA
TGCAAGGCCAGCGGATACACTTTCACCGACTACTCCATCCATTGGGTGAGGCAGGCTCCG
GGCCAGGGCCTGGAGTGGATTGGGTACATCTACCCGTCGAACGGAGATTCGGGGTACAAT
CAGAAGTTCAAGAACCGCGTGACCATGACTCGGGACACCTCAACTTCCACGGCTTATATG
GAACTGAGCCGCCTGAGATCCGAGGACACTGCGGTGTACTACTGTGCCACCTACTTTGCG
AACAATTTCGATTACTGGGGACAAGGAACCACGCTCACTGTCAGCTCAGCCAGCACCAAG
GGCCCCTCCGTGTTCCCTCTGGCCCCTTCCTCCAAGTCCACCTCCGGCGGCACCGCCGCT
CTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCTGGC
GCCCTGACCTCTGGCGTGCACACCTTCCCAGCCGTGCTGCAGTCCTCCGGCCTGTACTCC
CTGTCCTCCGTGGTGACCGTGCCTTCCTCCTCCCTGGGCACCCAGACCTACATCTGCAAC
GTGAACCACAAGCCTTCCAACACCAAGGTGGAAAGCGGGTGGAGCCTAAGTCCTGCGAC
AAGACCCACACCTGCCCTCCCTGCCCTGCCCCTGAGCTGCTGGGCGGACCTTCCGTGTTC
CTGTTCCCTCCTAAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAGGTGACCTGC
GTGGTGGTGGACGTGTCCCACGAGGAT CCTGAGGTGAAGT TCAATTGGTACGTGGACGGC
GTGGAGGTOCACAACGCTAAGACCAAGCCAAGGGAGGAGCAGTACAACTCCACCTACCGG
GTGGTGTCTGTGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGC
AAGGTCTCCAACAAGGCCCTGCCCGCTCCCATCGAGAAAACCATCTCCAAGGCCAAGGGT
CAGCCTCGCGAGCCTCAGGTGTACACCCTGCCACCCAGCCGGGAGGAGATGACCAAGAAC
CAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGG
GAGTCTAACGGCCAGCCCGAGAACAACTACAAGACCACCCCTCCTGTGCTGGACTCCGAC
GGCTCCTTCTTCCTGTACTCCAAGCTGACCGTGGACAAGT CCCGGTGGCAGCAGGGCAAC
GTGTTCTCCTGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGAGCCTG
TCTCTGTCTCCTGGCAAGTGATAA

Humanized 131R010 Heavy chain (IgGl) without signal sequence
CAAGTGCAATTGGTGCAGTCCGGAGCGGAAGTGAAGAAGCCTGGTGCCTCGGTCAAAGTC
TCATGCAAGGCCAGCGGATACACTTTCACCGACTACTCCATCCATTGGGTGAGGCAGGCT
CCGGGCCAGGGCCTGGAGTGGATTGGGTACATCTACCCGTCGAACGGAGATTCGGGGTAC
AATCAGAAGTTCAAGAACCGCGTGACCATGACTCGGGACACCTCAACTTCCACGGCTTAT
ATGGAACTGAGCCGCCTGAGATCCGAGGACACTGCGGTGTACTACTGTGCCACCTACTTT
GCGAACAATTTCGATTACTGGGGACAAGGAACCACGCTCACTGTCAGCTCAGCCAGCACC
AAGGGCCCCTCCGTGTTCCCTCTGGCCCCTTCCTCCAAGTCCACCTCCGGCGGCACCGCT
GCTCTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCT
GGCGCCCTGACCTCTGGCGTGCACACCTTCCCAGCCGTGCTGCAGTCCTCCGGCCTGTAC
TCCCTGTCCTCCGTGGTGACCGTGCCTTCCTCCTCCCTGGGCACCCAGACCTACATCTGC

AACGTGAACCACAAGCCTTCCAACACCAAGGTGGACAAGCGGGTGGAGCCTAAGTCCTGC

nucleic acid

142

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

82)

83)

84)

85)
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GACAAGACCCACACCTGCCCTCCCTGCCCTGCCCCTGAGCTGCTGGGCGGACCTTCCGTG
TTCCTGTTCCCTCCTAAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAGGTGACC
TGCGTGGTGGTGGACGTGTCCCACGAGGATCCTGAGGTGAAGTTCAATTGGTACGTGGAC
GGCGTGGAGGTGCACAACGCTAAGACCAAGCCAAGGGAGGAGCAGTACAACTCCACCTAC
CGGGTGGTGTCTGTGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAATACAAG
TGCAAGGTCTCCAACAAGGCCCTGCCCGCTCCCATCGAGAAAACCATCTCCAAGGCCAAG
GGCCAGCCTCGCGAGCCTCAGGTGTACACCCTGCCACCCAGCCGGGAGGAGATGACCAAG
AACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAG
TGGGAGTCTAACGGCCAGCCCGAGAACAACTACAAGACCACCCCTCCTGTGCTGGACTCC
GACGGCTCCTTCTTCCTGTACTCCAAGCTGACCGTGGACAAGT CCCGGTGGCAGCAGGGC
AACGTGTTCTCCTGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGAGC
CTGTCTCTGTCTCCTGGCAAGTGATAA

Humanized 131R010/131R011 Light chain variable region
DIQMTQSPSSLSASVGDRVTITCKASQSVDYDGDSYMNWYQQKPGKAPKLLIYAASNLES

GVPSRFSGSGSGTDFTLTISPVQAEDFATYYCQQSNEDPLTFGAGTKLELKR

Humanized 131R010/131R011 Light chain with predicted signal sequence underlined

MKHLWFFLLLVAAPRWVLSDIQMTQSPSSLSASVGDRVTITCKASQSVDYDGDSYMNWYQ

QKPGKAPKLLIYAASNLESGVPSRFSGSGSGTDFTLTISPVQAEDFATYYCQQSNEDPLT

FGAGTKLELKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSG

NSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Humanized 131R010/131R011 Light chain without predicted signal sequence

DIQMTQSPSSLSASVGDRVTITCKASQSVDYDGDSYMNWYQQKPGKAPKLLIYAASNLES

GVPSRFSGSGSGTDFTLTISPVQAEDFATYYCQQSNEDPLTFGAGTKLELKRTVAAPSVFE

IFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLS

STLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Humanized 131R010/131R011 Light chain variable region nucleic acid

GATATCCAGATGACTCAGTCGCCCTCATCGTTGAGCGCCTCGGTCGGGGATCGCGTGACT

ATTACTTGTAAAGCGTCCCAGAGCGTGGACTACGACGGAGATTCCTACATGAACTGGTAT

CAGCAAAAACCGGGAAAGGCTCCTAAACTTCTCATCTACGCAGCCTCGAATCTGGAATCA

GGAGTCCCGAGCCGGTTCAGCGGATCAGGCTCCGGTACTGATTTTACCCTCACGATCTCG

CCAGTGCAAGCCGAGGACTTCGCGACCTACTACTGCCAACAGTCCAACGAGGACCCGCTG

ACCTTCGGCGCAGGGACCAAGCTGGAACTGAAGCGT

Humanized 131R010/131R011 Light chain with signal sequence nucleic acid

ATGAAACACCTGTGGTTCTTCCTCCTGCTGGTGGCAGCTCCCAGATGGGTCCTGTCCGAT

ATCCAGATGACTCAGTCGCCCTCATCGTTGAGCGCCTCGGTCGGGGATCGCGTGACTATT

ACTTGTAAAGCGTCCCAGAGCGTGGACTACGACGGAGATTCCTACATGAACTGGTATCAG

CAAAAACCGGGAAAGGCTCCTAAACTTCTCATCTACGCAGCCTCGAATCTGGAATCAGGA

GTCCCGAGCCGGTTCAGCGGATCAGGCTCCGGTACTGATTTTACCCTCACGATCTCGCCA

GTGCAAGCCGAGGACTTCGCGACCTACTACTGCCAACAGTCCAACGAGGACCCGCTGACC

TTCGGCGCAGGGACCAAGCTGGAACTGAAGCGTACGGTGGCCGCTCCATCCGTGTTTATC

144

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

86)

87)

88)

89)

90)
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TTTCCGCCGTCCGATCAGCAGCT CAAGTCGGGCACTGCCAGCGTGGTCTGCCTGCTTAAC

AATTTCTACCCTAGGGAAGCCAAGGTGCAGTGGAAGGTGGATAACGCGCTCCAATCCGGT
AACTCGCAAGAGAGCGTGACCGAACAGGACTCAAAGGACTCGACGTACAGCCTGTCATCG
ACCTTGACTCTCTCAAAGGCCGACTACGAAAAGCACAAGGTCTACGCGTGCGAAGTCACC

CATCAGGGACTGTCCTCGCCTGTGACCAAGAGCTTCAATCGCGGAGAGTGCTGA

Humanized 131R010/131R011 Light chain without signal sequence nucleic acid

GATATCCAGATGACTCAGTCGCCCTCATCGTTGAGCGCCTCGGTCGGGGATCGCGTGACT
ATTACTTGTAAAGCGTCCCAGAGCGTGGACTACGACGGAGATTCCTACATGAACTGGTAT
CAGCAAAAACCGGGAAAGGCTCCTAAACTTCTCATCTACGCAGCCTCGAATCTGGAATCA
GGAGTCCCGAGCCGGTTCAGCGGATCAGGCTCCGGTACTGATTTTACCCTCACGATCTCG
CCAGTGCAAGCCGAGGACTTCGCGACCTACTACTGCCAACAGTCCAACGAGGACCCGCTG
ACCTTCGGCGCAGGGACCAAGCTGGAACTGAAGCGTACGGTGGCCGCTCCATCCGTGTTT
ATCTTTCCGCCGTCCGATGAGCAGCTCAAGTCGGGCACTGCCAGCGTGGTCTGCCTGCTT
AACAATTTCTACCCTAGGGAAGCCAAGGTGCAGTGGAAGGTGGATAACGCGCTCCAATCC
GGTAACTCGCAAGAGAGCGTGACCGAACAGGACTCAAAGGACTCGACGTACAGCCTGTCA
TCGACCTTGACTCTCTCAAAGGCCGACTACGAAAAGCACAAGGTCTACGCGTGCGAAGTC
ACCCATCAGGGACTGTCCTCGCCTGTGACCAAGAGCTTCAATCGCGGAGAGTGCTGA

Humanized 131R011 Heavy chain variable region nucleic acid

CAAGTGCAATTGGTGCAGTCCGGAGCGGAAGTGAAGAAGCCTGGTGCCTCGGTCAAAGTC
TCATGCAAGGCCAGCGGATACACTTTCACCGACTACTCCATCCATTGGGTGAGGCAGGCT
CCGGGCCAGGGCCTGGAGTGGATTGGGTACATCTACCCGTCGAACGGAGATTCGGGGTAC
AATCAGAAGTTCAAGAACCGCGTGACCATGACTCGGGACACCTCAACTTCCACGGCTTAT
ATGGAACTGAGCCGCCTGAGATCCGAGGACACTGCGGTGTACTACTGTGCCACCTACTTT

GCGAACAATTTCGATTACTGGGGACAAGGAACCACGCTCACTGTCAGCTCA

Humanized 131R011 Heavy chain (IgG2) with signal sequence nucleic acid

ATGAAACACTTGTGGTTCTTTCTGCTCCTTGTCGCAGCACCACGGTGGGTGCTGTCGCAA

GTGCAATTGGTGCAGTCCGGAGCGGAAGTGAAGAAGCCTGGTGCCTCGGTCAAAGTCTCA

TGCAAGGCCAGCGGATACACTTTCACCGACTACTCCATCCATTGGGTGAGGCAGGCTCCG

GGCCAGGGCCTGGAGTGGATTGGGTACATCTACCCGTCGAACGGAGATTCGGGGTACAAT

CAGAAGTTCAAGAACCGCGTGACCATGACTCGGGACACCTCAACTTCCACGGCTTATATG

GAACTGAGCCGCCTGAGATCCGAGGACACTGCGGTGTACTACTGTGCCACCTACTTTGCG

AACAATTTCGATTACTGGGGACAAGGAACCACGCTCACTGTCAGCTCAGCCAGCACCAAG

GGCCCCTCCGTGTTCCCTCTGGCCCCTTGCTCCCGGTCCACCTCTGAGTCTACCGCCGCT

CTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCTGGC

GCCCTGACCTCTGGCGTGCACACCTTCCCTGCCGTGCTGCAGTCCTCCGGCCTGTACTCC

CTGTCCTCCGTGGTGACCGTGCCTTCCTCCAACTTCGGCACCCAGACCTACACCTGCAAC

GTGGACCACAAGCCTTCCAACACCAAGGTGGACAAGACCGTGGAGCGGAAGTGCTGCGTG

GAGTGCCCTCCTTGTCCTGCTCCTCCTGTGGCTGGCCCTTCTGTGTTCCTGTTCCCTCCT

AAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAAGTGACCTGCGTGGTGGTGGAC

GTGTCCCACGAGGACCCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAGGTGCAC

AACGCCAAGACCAAGCCTCGGGAGGAACAGTTCAACTCCACCTTCCGGGTGGTGTCTGTG

146

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

91)

92)

93)
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CTGACCGTGGTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCCAAC
AAGGGCCTGCCTGCCCCTATCGAAAAGACCATCTCTAAGACCAAGGGCCAGCCTCGCGAG
CCTCAGGTCTACACCCTGCCTCCTAGCCGGGAGGAAATGACCAAGAACCAGGTGTCCCTG
ACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGGGAGTCTAACGGC
CAGCCTGAGAACAACTACAAGACCACCCCTCCTATGCTGGACTCCGACGGCTCCTTCTTC
CTGTACTCCAAGCTGACAGTGGACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCTCCTGC
TCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGTCTCCT
GGCAAGTGATAA

Humanized 131R011 Heavy chain (IgG2) without signal sequence
CAAGTGCAATTGGTGCAGTCCGGAGCGGAAGTGAAGAAGCCTGGTGCCTCGGTCAAAGTC
TCATGCAAGGCCAGCGGATACACTTTCACCGACTACTCCATCCATTGGGTGAGGCAGGCT
CCGGGCCAGGGCCTGGAGTGGATTGGGTACATCTACCCGTCGAACGGAGATTCGGGGTAC
AATCAGAAGTTCAAGAACCGCGTGACCATGACTCGGGACACCTCAACTTCCACGGCTTAT
ATGGAACTGAGCCGCCTGAGATCCGAGGACACTGCGGTGTACTACTGTGCCACCTACTTT
GCGAACAATTTCGATTAGTGGGGACAAGGAACCACGCTCACTGTCAGCTCAGCCAGCACC
AAGGGCCCCTCCGTGTTCCCTCTGGCCCCTTGCTCCCGGTCCACCTCTGAGTCTACCGCC
GCTCTGGGCTGCCTGGTGAAGGACTACTTCCCTGAGCCTGTGACCGTGTCCTGGAACTCT
GGCGCCCTGACCTCTGGCGTGCACACCTTCCCTGCCGTGCTGCAGTCCTCCGGCCTGTAC
TCCCTGTCCTCCGTGGTGACCGTGCCTTCCTCCAACTTCGGCACCCAGACCTACACCTGC
AACGTGGACCACAAGCCTTCCAACACCAAGGTGGACAAGACCGTGGAGCGGAAGTGCTGC
GTGGAGTGCCCTCCTTGTCCTGCTCCTCCTGTGGCTGGCCCTTCTGTGTTCCTGTTCCCT
CCTAAGCCTAAGGACACCCTGATGATCTCCCGGACCCCTGAAGTGACCTGCGTGGTGGTG
GACGTGTCCCACGAGGACCCTGAGGTGCAGTTCAATTGGTACGTGGACGGCGTGGAGGTG
CACAACGCCAAGACCAAGCCTCGGGAGGAACAGTTCAACTCCACCTTCCGGGTGGTGTCT
GTGCTGACCGTGGTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCC
AACAAGGGCCTGCCTGCCCCTATCGAAAAGACCATCTCTAAGACCAAGGGCCAGCCTCGC
GAGCCTCAGGTCTACACCCTGCCTCCTAGCCGGGAGGAAATGACCAAGAACCAGGTGTCC
CTGACCTGTCTGGTGAAGGGCTTCTACCCTTCCGATATCGCCGTGGAGTGGGAGTCTAAC
GGCCAGCCTGAGAACAACTACAAGACCACCCCTCCTATGCTGGACTCCGACGGCTCCTTC
TTCCTGTACTCCAAGCTGACAGTGGACAAGTCCCGGTGGCAGCAGGGCAACGTGTTCTCC
TGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGTCT
CCTGGCAAGTGATAA

Humanized 131R010 Heavy chain variable region
CAAGTGCAATTGGTGCAGTCCGGAGCGGAAGTGAAGAAGCCTGGTGCCTCGGTCAAAGTC
TCATGCAAGGCCAGCGGATACACTTTCACCGACTACTCCATCCATTGGGTGAGGCAGGCT
CCGGGCCAGGGCCTGGAGTGGATTGGGTACATCTACCCGTCGAACGGAGATTCGGGGTAC
AATCAGAAGTTCAAGAACCGCGTGACCATGACTCGGGACACCTCAACTTCCACGGCTTAT
ATGGAACTGAGCCGCCTGAGATCCGAGGACACTGCGGTGTACTACTGTGCCACCTACTTT

GCGAACAATTTCGATTACTGGGGACAAGGAACCACGCTCACTGTCAGCTC

nucleic acid

148

(SEQ ID NO:

(SEQ ID NO:

94)

95)
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 95

<210> SEQ ID NO 1

<211> LENGTH: 263

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Met

1

Leu

Ser

Glu

Glu

65

Pro

Cys

Lys

Cys

Pro

145

Lys

Arg

Thr

Gly

Arg

225

Arg

Leu

Arg Leu Gly Leu Cys Val Val
Thr Ile Ser Ser Arg Gly Ile
20

Ala Glu Gly Ser Gln Ala Cys
35 40

Val Asn Gly Cys Leu Lys Cys
Arg Asn Asp Ile Arg Gln Val
70

Gly Tyr Phe Asp Ala Arg Asn
85

Lys Ile Glu His Cys Glu Ala
100

Cys Lys Glu Gly Leu Tyr Leu
115 120

Pro Glu Gly Ser Ser Ala Ala
130 135

Ala Gln Cys Glu Met Ser Glu
150

Lys Gln Gln Leu Cys Gly Phe
165

Arg Val Leu His Ala Pro Val
180

Lys Glu Thr Arg Arg Cys Thr
195 200

Gln Lys Arg Arg Lys Gly Gly
210 215

Asn Leu Ala Arg Lys Glu Ser
230

Arg Lys Gly Gln Gln Gln Gln
245

Thr Ser Ala Gly Pro Ala
260

<210> SEQ ID NO 2

<211> LENGTH: 243

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met
1
Asp

Ser

Asp

Gln Phe Arg Leu Phe Ser Phe
5

Tyr Ser His Cys Gln Gly Asn
20

Tyr Val Ser Asn Pro Ile Cys
35 40

Asn Gly Cys Ser Arg Cys Gln

Ala

Lys

25

Ala

Ser

Gly

Pro

Cys

105

His

Asn

Trp

Arg

Gly

185

Val

Gln

Lys

Gln

Ala
Arg
25

Lys

Gln

Leu

10

Gly

Lys

Pro

Val

Asp

90

Phe

Lys

Gly

Ser

Arg

170

Asp

Arg

Gly

Glu

Gln
250

Leu
10
Trp

Gly

Lys

Val

Lys

Gly

Lys

Cys

75

Met

Ser

Gly

Thr

Pro

155

Gly

His

Arg

Arg

Ala

235

Gln

Ile

Arg

Cys

Leu

Leu

Arg

Cys

Leu

60

Leu

Asn

His

Arg

Met

140

Trp

Ser

Ala

Val

Arg

220

Gly

Gly

Ile

Arg

Leu

Phe

Ser

Gln

Glu

45

Phe

Pro

Lys

Asn

Cys

125

Glu

Gly

Glu

Ala

Pro

205

Glu

Ala

Thr

Leu

Ser

Ser

45

Phe

Trp

Arg

30

Leu

Ile

Ser

Cys

Phe

110

Tyr

Cys

Pro

Glu

Cys

190

Cys

Asn

Gly

Val

Asn
Lys
30

Cys

Phe

Thr

15

Arg

Cys

Leu

Cys

Ile

95

Cys

Pro

Ser

Cys

Arg

175

Ser

Pro

Ala

Ser

Gly
255

Cys
15
Arg

Ser

Leu

His

Ile

Ser

Leu

Pro

80

Lys

Thr

Ala

Ser

Ser

160

Thr

Asp

Glu

Asn

Arg

240

Pro

Met

Ala

Lys

Arg
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152

50 55

Arg Glu Gly Met Arg Gln Tyr Gly
65 70

Gly Tyr Tyr Gly His Arg Ala Pro
85

Arg Ile Glu Asn Cys Asp Ser Cys
100

Cys Lys Val Gly Phe Tyr Leu His
115 120

Pro Asp Gly Phe Ala Pro Leu Glu
130 135

Cys Glu Val Gly His Trp Ser Glu
145 150

Arg Thr Cys Gly Phe Lys Trp Gly
165

Val Lys Lys Pro Val Lys Asp Thr
180

Ser Arg Arg Cys Lys Met Thr Met
195 200

Thr Pro Lys Ala Lys Glu Lys Arg
210 215

Ile Glu Arg Ala Gln Glu Gln His
225 230

Ala Asn Gln

<210> SEQ ID NO 3

<211> LENGTH: 272

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Met His Leu Arg Leu Ile Ser Trp
1 5

Glu Tyr Ile Gly Ser Gln Asn Ala
20

Met His Pro Asn Val Ser Gln Gly
35 40

Ser Asp Tyr Asn Gly Cys Leu Ser
50 55

Leu Glu Arg Ile Gly Met Lys Gln
65 70

Pro Ser Gly Tyr Tyr Gly Thr Arg
85

Lys Cys Lys Ala Asp Cys Asp Thr
100

Lys Cys Lys Ser Gly Phe Tyr Leu
115 120

Cys Pro Glu Gly Leu Glu Ala Asn
130 135

Ile Val His Cys Glu Val Ser Glu
145 150

Lys Lys Gly Lys Thr Cys Gly Phe
165

Arg Glu Ile Ile Gln His Pro Ser

Glu

Asp

Phe

105

Arg

Glu

Trp

Leu

Ile

185

Arg

Asn

Ser

Leu

Ser

25

Cys

Cys

Ile

Tyr

Cys

105

His

Asn

Trp

Lys

Ala

Cys

Met

90

Ser

Gly

Thr

Gly

Glu

170

Pro

His

Lys

Val

Phe

10

Arg

Gln

Lys

Gly

Pro

90

Phe

Leu

His

Asn

Arg
170

Lys

Leu

75

Asn

Lys

Arg

Met

Thr

155

Thr

Cys

Cys

Lys

Phe
235

Ile

Gly

Gly

Pro

Val

75

Asp

Asn

Gly

Thr

Pro
155

Gly

Gly

60
His

Arg

Asp

Cys

Glu

140

Cys

Arg

Pro

Pro

Lys

220

Leu

Ile

Arg

Gly

Arg

60

Cys

Ile

Lys

Lys

Met

140

Trp

Thr

Asn

Ser

Cys

Phe

Phe

125

Cys

Ser

Thr

Thr

Gly

205

Lys

Ala

Leu

Arg

Cys

45

Leu

Leu

Asn

Asn

Cys

125

Glu

Ser

Glu

Leu

Cys

Ala

Cys

110

Asp

Val

Arg

Arg

Ile

190

Gly

Arg

Thr

Asn

Gln

30

Ala

Phe

Ser

Lys

Phe

110

Leu

Cys

Pro

Thr

Cys

Pro

Arg

95

Thr

Glu

Glu

Asn

Gln

175

Ala

Lys

Lys

Asp

Phe

15

Arg

Thr

Phe

Ser

Cys

95

Cys

Asp

Val

Cys

Arg

175

Pro

Ser

80

Cys

Lys

Cys

Gly

Asn

160

Ile

Glu

Arg

Leu

Arg
240

Met

Arg

Cys

Ala

Cys

80

Thr

Thr

Asn

Ser

Thr

160

Val

Pro
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154

180

Thr Asn Glu Thr Arg Lys Cys Thr
195 200

Gly Glu Arg Gly Lys Lys Gly Arg
210 215

Lys Gly Glu Ser Lys Glu Ala Ile
225 230

Ser Lys Glu Ile Pro Glu Gln Arg
245

Arg Lys Val Gln Asp Lys Gln Lys
260

<210> SEQ ID NO 4

<211> LENGTH: 272

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Met His Leu Arg Leu Ile Ser Trp
1 5

Glu Tyr Ile Gly Ser Gln Asn Ala
20

Met His Pro Asn Val Ser Gln Gly
35 40

Ser Asp Tyr Asn Gly Cys Leu Ser
Leu Glu Arg Ile Gly Met Lys Gln
65 70

Pro Ser Gly Tyr Tyr Gly Thr Arg
85

Lys Cys Lys Ala Asp Cys Asp Thr
100

Lys Cys Lys Ser Gly Phe Tyr Leu
115 120

Cys Pro Glu Gly Leu Glu Ala Asn
130 135

Ile Val His Cys Glu Val Ser Glu
145 150

Lys Lys Gly Lys Thr Cys Gly Phe
165

Arg Glu Ile Ile Gln His Pro Ser
180

Thr Asn Glu Thr Arg Lys Cys Thr
195 200

Gly Glu Arg Gly Lys Lys Gly Arg
210 215

Lys Gly Glu Ser Lys Glu Ala Ile
225 230

Ser Lys Glu Ile Pro Glu Gln Arg
245

Arg Lys Val Gln Asp Lys Gln Lys
260

<210> SEQ ID NO 5
<211> LENGTH: 251

185

Val

Glu

Pro

Glu

Ser
265

Leu

Ser

25

Cys

Cys

Ile

Tyr

Cys

105

His

Asn

Trp

Lys

Ala

185

Val

Glu

Pro

Glu

Ser
265

Gln

Arg

Asp

Asn

250

Val

Phe

10

Arg

Gln

Lys

Gly

Pro

90

Phe

Leu

His

Asn

Arg

170

Lys

Gln

Arg

Asp

Asn
250

Val

Arg

Lys

Ser

235

Lys

Ser

Ile

Gly

Gly

Pro

Val

75

Asp

Asn

Gly

Thr

Pro

155

Gly

Gly

Arg

Lys

Ser
235

Lys

Ser

Lys

Arg

220

Lys

Gln

Val

Ile

Arg

Gly

Arg

Cys

Ile

Lys

Lys

Met

140

Trp

Thr

Asn

Lys

Arg

220

Lys

Gln

Val

Lys

205

Lys

Ser

Gln

Ser

Leu

Arg

Cys

45

Leu

Leu

Asn

Asn

Cys

125

Glu

Ser

Glu

Leu

Lys

205

Lys

Ser

Gln

Ser

190

Cys

Lys

Leu

Gln

Thr
270

Asn

Gln

30

Ala

Phe

Ser

Lys

Phe

110

Leu

Cys

Pro

Thr

Cys

190

Cys

Lys

Leu

Gln

Thr
270

Gln

Pro

Glu

Lys

255

Val

Phe

15

Arg

Thr

Phe

Ser

Cys

95

Cys

Asp

Val

Cys

Arg

175

Pro

Gln

Pro

Glu

Lys

255

Val

Lys

Asn

Ser

240

Lys

His

Met

Arg

Cys

Ala

Cys

80

Thr

Thr

Asn

Ser

Thr

160

Val

Pro

Lys

Asn

Ser
240

Lys

His



US 9,181,333 B2
155

-continued

156

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Gln Asn Ala Ser
1

Ser Gln Gly Cys
20

Cys Leu Ser Cys
35

Met Lys Gln Ile
50

Gly Thr Arg Tyr
65

Cys Asp Thr Cys
Phe Tyr Leu His
100

Glu Ala Asn Asn
115

Val Ser Glu Trp
130

Cys Gly Phe Lys
145

His Pro Ser Ala

Lys Cys Thr Val
180

Lys Gly Arg Glu
195

Glu Ala Ile Pro
210

Glu Gln Arg Glu
225

Lys Gln Lys Ser

<210> SEQ ID NO
<211> LENGTH: 52
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Pro Asn Val Ser
1

Tyr Asn Gly Cys
20

Arg Ile Gly Met
35

Gly Tyr Tyr Gly
50

<210> SEQ ID NO
<211> LENGTH: 44
<212> TYPE: PRT
<213> ORGANISM:

Homo sapiens
5

Arg Gly Arg Arg Gln Arg Arg Met His Pro Asn Val
5 10 15

Gln Gly Gly Cys Ala Thr Cys Ser Asp Tyr Asn Gly
25 30

Lys Pro Arg Leu Phe Phe Ala Leu Glu Arg Ile Gly
40 45

Gly Val Cys Leu Ser Ser Cys Pro Ser Gly Tyr Tyr
55 60

Pro Asp Ile Asn Lys Cys Thr Lys Cys Lys Ala Asp
70 75 80

Phe Asn Lys Asn Phe Cys Thr Lys Cys Lys Ser Gly
85 90 95

Leu Gly Lys Cys Leu Asp Asn Cys Pro Glu Gly Leu
105 110

His Thr Met Glu Cys Val Ser Ile Val His Cys Glu
120 125

Asn Pro Trp Ser Pro Cys Thr Lys Lys Gly Lys Thr
135 140

Arg Gly Thr Glu Thr Arg Val Arg Glu Ile Ile Gln
150 155 160

Lys Gly Asn Leu Cys Pro Pro Thr Asn Glu Thr Arg
165 170 175

Gln Arg Lys Lys Cys Gln Lys Gly Glu Arg Gly Lys
185 190

Arg Lys Arg Lys Lys Pro Asn Lys Gly Glu Ser Lys
200 205

Asp Ser Lys Ser Leu Glu Ser Ser Lys Glu Ile Pro
215 220

Asn Lys Gln Gln Gln Lys Lys Arg Lys Val Gln Asp
230 235 240

Val Ser Val Ser Thr Val His
245 250

6

Homo sapiens
6

Gln Gly Cys Gln Gly Gly Cys Ala Thr Cys Ser Asp
5 10 15

Leu Ser Cys Lys Pro Arg Leu Phe Phe Ala Leu Glu
25 30

Lys Gln Ile Gly Val Cys Leu Ser Ser Cys Pro Ser
40 45

7

Homo sapiens
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-continued

<400> SEQUENCE: 7

Ile Asn Lys Cys Thr Lys Cys Lys Ala Asp Cys Asp Thr Cys Phe Asn
1 5 10 15

Lys Asn Phe Cys Thr Lys Cys Lys Ser Gly Phe Tyr Leu His Leu Gly
20 25 30

Lys Cys Leu Asp Asn Cys Pro Glu Gly Leu Glu Ala
35 40

<210> SEQ ID NO 8

<211> LENGTH: 61

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

His Cys Glu Val Ser Glu Trp Asn Pro Trp Ser Pro Cys Thr Lys Lys
1 5 10 15

Gly Lys Thr Cys Gly Phe Lys Arg Gly Thr Glu Thr Arg Val Arg Glu
20 25 30

Ile Ile Gln His Pro Ser Ala Lys Gly Asn Leu Cys Pro Pro Thr Asn
35 40 45

Glu Thr Arg Lys Cys Thr Val Gln Arg Lys Lys Cys Gln
50 55 60

<210> SEQ ID NO 9

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R002/131R003 Heavy chain CDR1

<400> SEQUENCE: 9

Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr Ser
1 5 10

<210> SEQ ID NO 10

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R002/131R003 Heavy chain CDR2

<400> SEQUENCE: 10

Ile Tyr Pro Ser Asn Gly Asp Ser
1 5

<210> SEQ ID NO 11

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R002/131R003 Heavy chain CDR3

<400> SEQUENCE: 11

Ala Thr Tyr Phe Ala Asn Tyr Phe Asp Tyr
1 5 10

<210> SEQ ID NO 12

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R002/131R003 Light chain CDR1

<400> SEQUENCE: 12
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-continued

160

Gln Ser Val Asp Tyr Asp Gly Asp Ser Tyr Met
1 5 10

<210> SEQ ID NO 13

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R002/131R003 Light chain CDR2

<400> SEQUENCE: 13

Ala Ala Ser
1

<210> SEQ ID NO 14

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R002/131R003 Light chain CDR3

<400> SEQUENCE: 14

Gln Gln Ser Asn Glu Asp Pro Leu Thr
1 5

<210> SEQ ID NO 15

<211> LENGTH: 120

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R002 Heavy chain variable region

<400> SEQUENCE: 15

Gln Val Gln Leu Gln Glu Ser Gly Pro Glu Leu Val Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
20 25 30

Ser Ile His Trp Val Lys Gln Asn His Gly Lys Ser Leu Asp Trp Ile

Gly Tyr Ile Tyr Pro Ser Asn Gly Asp Ser Gly Tyr Asn Gln Lys Phe
50 55 60

Lys Asn Arg Ala Thr Leu Thr Val Asp Thr Ser Ser Ser Thr Ala Tyr
65 70 75 80

Leu Glu Val Arg Arg Leu Thr Phe Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

Ala Thr Tyr Phe Ala Asn Tyr Phe Asp Tyr Trp Gly Gln Gly Thr Thr
100 105 110

Leu Thr Val Ser Ser Ala Ser Thr
115 120

<210> SEQ ID NO 16

<211> LENGTH: 120

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R003 Heavy chain variable region

<400> SEQUENCE: 16

Gln Val Gln Leu Lys Gln Ser Gly Pro Glu Leu Val Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
20 25 30
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162

Ser Ile His
Gly Tyr Ile
50

Lys Asn Arg
65

Leu Glu Val

Ala Thr Tyr

Leu Thr Val
115

<210> SEQ I
<211> LENGT.
<212> TYPE:

Trp Val Lys Gln Asn

40

Tyr Pro Ser Asn Gly

55

Ala Thr Leu Thr Val

70

Arg Arg Leu Thr Phe

85

Phe Ala Asn Tyr Phe

100

Ser Ser Ala Ser Thr

D NO 17
H: 112
PRT

120

His Gly Lys

Asp Ser Gly

Asp Thr Ser
75

Glu Asp Ser
90

Asp Tyr Trp
105

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION: 131R002/131R003 Light chain variable region

RE:

<400> SEQUENCE: 17

Asp Ile Val
1

Gln Arg Ala
Gly Asp Ser
35

Lys Leu Leu
50

Arg Phe Ser
65

Pro Val Glu

Glu Asp Pro

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Thr Gln Ser Pro

Thr Ile Ser Cys Lys

20

Tyr Met Asn Trp Tyr

40

Ile Tyr Ala Ala Ser

55

Gly Ser Gly Ser Gly

70

Glu Glu Asp Ala Ala

85

Leu Thr Phe Gly Ala

100

D NO 18
H: 360
DNA

Ala Ser Leu
10

Ala Ser Gln
25

Gln Gln Lys

Asn Leu Glu

Thr Asp Phe

75

Thr Tyr Tyr
90

Gly Thr Lys
105

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

seque

RE:

nce

<400> SEQUENCE: 18

caggtacaat

tcgtgtaagyg

cacgggaagt

aaccagaagt

ctegaggtec

gccaactact

<210> SEQ I

<211> LENGT.
<212> TYPE:

tgcaagaatc

ccagcegggta

cgctegactyg

tcaaaaatcg

gcagactgac

tcgattactg

D NO 19

H: 360
DNA

cggacccgaa

cacctttacg

gattggttat

ggccacactt

gtttgaggac

dggccaggyay

cttgtgaage

gattattcga

atctaccegt

acagtggaca

tcagctgtet

acgacactga

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

Ser Leu Asp
45

Tyr Asn Gln
60

Tyr Ser Thr

Ala Val Tyr

Gly Gln Gly
110

Ala Val Ser

Ser Val Asp
30

Pro Gly Gln

Ser Gly Ile
60

Thr Leu Asn

Cys Gln Gln

Leu Glu Leu
110

ccggagegte
tccattgggt
ccaacggtga
catcgtegte
actattgege

cggtcagete

Trp Ile

Lys Phe

Ala Tyr
80

Tyr Cys
95

Thr Thr

Leu Gly
15

Tyr Asp

Pro Pro

Pro Ala

Ile His
80

Ser Asn
95

Lys Arg

agtcaagatc
aaaacagaat
ttcgggatac
aactgcatat
gacttatttc

cgcgagcace

131R002 Heavy chain variable region nucleotide

60

120

180

240

300

360
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<223> OTHER INFORMATION: 131R003
sequence

<400> SEQUENCE: 19

caggtgcaac

agctgcaaag

cacggaaagt

aaccaaaagt

ttaaacagtc

catcaggtta

cactggattg

tcaaaaaccyg

ttggaagtce gcagactcac

gcgaattact

ttgactactg

<210> SEQ ID NO 20
<211> LENGTH: 336

<212> TYPE:

DNA

ggggcctgag

tacctttacg

gatcgggtac

ggccacgety

gttegaggac

gggtcaggge

Heavy chain variable region nucleotide

ttggtcaaac

gattactcga

atctacccct

actgtggaca

tccgeggtat

acaacgctta

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: 131R002/131R003 Light chain variable region

nucleotide sequence

<400> SEQUENCE: 20

gacatcgtge

atttcatgca

cagcagaaac

ggcattceceyg

ccggtagagg

acgttcgggyg
<210> SEQ I

<211> LENGT.
<212> TYPE:

tcacacagag
aagcgtcaca
cagggcagec
ccagattcag
aggaagatgc
ctggaacaaa
D NO 21

H: 462
PRT

cecctgeateg

atcggtagat

cccgaagttyg

¢gggageggy

ggcgacttac

actggaactt

ctcgcagtat

tacgacggag

ctcatctacg

tcaggaacgg

tattgtcage

aaacgg

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 21

Met Lys His
1

Val Leu Ser

Pro Gly Ala
35

Thr Asp Tyr

Asp Trp Ile
65

Gln Lys Phe

Thr Ala Tyr

Tyr Tyr Cys

115

Gly Thr Thr
130

Phe Pro Leu
145

Leu Trp Phe Phe Leu

5

Gln Val Gln Leu Gln

20

Ser Val Lys Ile Ser

40

Ser Ile His Trp Val

Gly Tyr Ile Tyr Pro

70

Lys Asn Arg Ala Thr

85

Leu Glu Val Arg Arg

100

Ala Thr Tyr Phe Ala

120

Leu Thr Val Ser Ser

135

Ala Pro Cys Ser Arg
150

Leu Leu Val
10

Glu Ser Gly
25

Cys Lys Ala

Lys Gln Asn

Ser Asn Gly
75

Leu Thr Val
90

Leu Thr Phe
105

Asn Tyr Phe

Ala Ser Thr

Ser Thr Ser
155

caggagccte

tccactgggt

cgaatggaga

cgtegtatte

actattgtge

ctgtctecag

cgcttggtea
actcctacat
ccgegtecaa
attttaccct

agtcgaatga

Ala Ala Pro

agtaaagatt
gaagcagaac
ttcggggtat
caccgcatat
cacatacttt

cgcgtcaaca

gegagegace
gaactggtat
tctggagtca
caatatccat

ggacccacte

131R002 Heavy chain amino acid sequence

Arg Trp
15

Pro Glu Leu Val Lys

30

Ser Gly Tyr

45

His Gly Lys

Thr Phe

Ser Leu

Asp Ser Gly Tyr Asn

Asp Thr Ser

Glu Asp Ser
110

Asp Tyr Trp

125

Lys Gly Pro

140

Glu Ser Thr

80

Ser Ser

95

Ala Val

Gly Gln

Ser Val

Ala Ala
160

60

120

180

240

300

360

60

120

180

240

300

336
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Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
165 170 175

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
180 185 190

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
195 200 205

Ser Ser Asn Phe Gly Thr Gln Thr Tyr Thr Cys Asn Val Asp His Lys
210 215 220

Pro Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Cys Val
225 230 235 240

Glu Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe
245 250 255

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
260 265 270

Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val
275 280 285

Gln Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
290 295 300

Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Phe Arg Val Val Ser Val
305 310 315 320

Leu Thr Val Val His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
325 330 335

Lys Val Ser Asn Lys Gly Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser
340 345 350

Lys Thr Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
355 360 365

Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
370 375 380

Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly
385 390 395 400

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp
405 410 415

Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
420 425 430

Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His
435 440 445

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
450 455 460

<210> SEQ ID NO 22

<211> LENGTH: 462

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R003 Heavy chain amino acid sequence

<400> SEQUENCE: 22

Met Lys His Leu Trp Phe Phe Leu Leu Leu Val Ala Ala Pro Arg Trp
1 5 10 15

Val Leu Ser Gln Val Gln Leu Lys Gln Ser Gly Pro Glu Leu Val Lys
20 25 30

Pro Gly Ala Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe
35 40 45

Thr Asp Tyr Ser Ile His Trp Val Lys Gln Asn His Gly Lys Ser Leu
50 55 60
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Asp

Gln

Thr

Tyr

Gly

Phe

145

Leu

Trp

Leu

Ser

Pro

225

Glu

Leu

Glu

Gln

Lys

305

Leu

Lys

Lys

Ser

Lys

385

Gln

Gly

Gln

Asn

Trp

Lys

Ala

Tyr

Thr

130

Pro

Gly

Asn

Gln

Ser

210

Ser

Cys

Phe

Val

Phe

290

Pro

Thr

Val

Thr

Arg

370

Gly

Pro

Ser

Gln

His
450

Ile

Phe

Tyr

Cys

115

Thr

Leu

Cys

Ser

Ser

195

Asn

Asn

Pro

Pro

Thr

275

Asn

Arg

Val

Ser

Lys

355

Glu

Phe

Glu

Phe

Gly
435

Tyr

Gly

Lys

Leu

100

Ala

Leu

Ala

Leu

Gly

180

Ser

Phe

Thr

Pro

Pro

260

Cys

Trp

Glu

Val

Asn

340

Gly

Glu

Tyr

Asn

Phe
420

Asn

Thr

Tyr

Asn

85

Glu

Thr

Thr

Pro

Val

165

Ala

Gly

Gly

Lys

Cys

245

Lys

Val

Tyr

Glu

His

325

Lys

Gln

Met

Pro

Asn
405
Leu

Val

Gln

<210> SEQ ID NO 23

<211> LENGTH:

237

Ile

Arg

Val

Tyr

Val

Cys

150

Lys

Leu

Leu

Thr

Val

230

Pro

Pro

Val

Val

Gln

310

Gln

Gly

Pro

Thr

Ser

390

Tyr

Tyr

Phe

Lys

Tyr

Ala

Arg

Phe

Ser

135

Ser

Asp

Thr

Tyr

Gln

215

Asp

Ala

Lys

Val

Asp

295

Phe

Asp

Leu

Arg

Lys

375

Asp

Lys

Ser

Ser

Ser
455

Pro

Thr

Arg

Ala

120

Ser

Arg

Tyr

Ser

Ser

200

Thr

Lys

Pro

Asp

Asp

280

Gly

Asn

Trp

Pro

Glu

360

Asn

Ile

Thr

Lys

Cys

440

Leu

Ser

Leu

Leu

105

Asn

Ala

Ser

Phe

Gly

185

Leu

Tyr

Thr

Pro

Thr

265

Val

Val

Ser

Leu

Ala

345

Pro

Gln

Ala

Thr

Leu
425

Ser

Ser

Asn

Thr

90

Thr

Tyr

Ser

Thr

Pro

170

Val

Ser

Thr

Val

Val

250

Leu

Ser

Glu

Thr

Asn

330

Pro

Gln

Val

Val

Pro

410

Thr

Val

Leu

Gly

Val

Phe

Phe

Thr

Ser

155

Glu

His

Ser

Cys

Glu

235

Ala

Met

His

Val

Phe

315

Gly

Ile

Val

Ser

Glu

395

Pro

Val

Met

Ser

Asp

Asp

Glu

Asp

Lys

140

Glu

Pro

Thr

Val

Asn

220

Arg

Gly

Ile

Glu

His

300

Arg

Lys

Glu

Tyr

Leu

380

Trp

Met

Asp

His

Pro
460

Ser

Thr

Asp

Tyr

125

Gly

Ser

Val

Phe

Val

205

Val

Lys

Pro

Ser

Asp

285

Asn

Val

Glu

Lys

Thr

365

Thr

Glu

Leu

Lys

Glu

445

Gly

Gly

Ser

Ser

110

Trp

Pro

Thr

Thr

Pro

190

Thr

Asp

Cys

Ser

Arg

270

Pro

Ala

Val

Tyr

Thr

350

Leu

Cys

Ser

Asp

Ser
430

Ala

Lys

Tyr

Tyr

95

Ala

Gly

Ser

Ala

Val

175

Ala

Val

His

Cys

Val

255

Thr

Glu

Lys

Ser

Lys

335

Ile

Pro

Leu

Asn

Ser
415

Arg

Leu

Asn

80

Ser

Val

Gln

Val

Ala

160

Ser

Val

Pro

Lys

Val

240

Phe

Pro

Val

Thr

Val

320

Cys

Ser

Pro

Val

Gly

400

Asp

Trp

His
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-continued

170

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R002/131R003 Light chain amino acid

sequence

<400> SEQUENCE: 23

Met

1

Val

Ser

Asp

Gln

65

Ile

Asn

Gln

Leu

Asp

145

Asn

Leu

Asp

Tyr

Ser
225

Lys His Leu Trp Phe Phe Leu Leu Leu Val Ala Ala Pro Arg Trp
Leu Ser Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala Val
20 25 30

Leu Gly Gln Arg Ala Thr Ile Ser Cys Lys Ala Ser Gln Ser Val
35 40 45

Tyr Asp Gly Asp Ser Tyr Met Asn Trp Tyr Gln Gln Lys Pro Gly
50 55 60

Pro Pro Lys Leu Leu Ile Tyr Ala Ala Ser Asn Leu Glu Ser Gly
70 75 80

Pro Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu
85 90 95

Ile His Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr Tyr Cys Gln
100 105 110

Ser Asn Glu Asp Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu
115 120 125

Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser
130 135 140

Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn
150 155 160

Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala
165 170 175

Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys
180 185 190

Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp
195 200 205

Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu
210 215 220

Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
230 235

<210> SEQ ID NO 24

<211> LENGTH: 1389

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R002 Heavy chain nucleotide sequence

<400> SEQUENCE: 24

atgaaacact tgtggttett tettttgetyg gtggecagege ctaggtgggt getcagecag

gtacaattgc aagaatccgg acccgaactt gtgaagccceg gagcegtcagt caagatcteg

tgtaaggcca gcgggtacac ctttacggat tattecgatec attgggtaaa acagaatcac

gggaagtcge tcgactggat tggttatatce tacccegtcca acggtgattce gggatacaac

cagaagttca aaaatcggge cacacttaca gtggacacat cgtegtcaac tgcatatcte

gaggtcegeca gactgacgtt tgaggactca gectgtctact attgegegac ttatttegec

aactacttcg attactgggg ccaggggacg acactgacgg tcagctcege gagcaccaag

ggccecteeyg tgttecctet ggeccccttge teccggteca cctetgagte taccgecget

60

120

180

240

300

360

420

480
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-continued
ctgggetgee tggtgaagga ctacttecct gagectgtga cegtgtcectyg gaactctgge 540
geectgaccet ctggegtgca cacctteect geegtgetge agtcectecgg cetgtactece 600
ctgtecteeg tggtgaccegt gecttectee aactteggea cccagaccta cacctgcaac 660
gtggaccaca agccttccaa caccaaggtg gacaagaccg tggagcggaa gtgctgegtg 720
gagtgcccte cttgtectge tcoctectgtg getggecctt ctgtgttect gttecctect 780
aagcctaagg acaccctgat gatctceecgg acccctgaag tgacctgegt ggtggtggac 840
gtgtcccacyg aggaccctga ggtgcagttc aattggtacyg tggacggegt ggaggtgcac 900
aacgccaaga ccaagcectcg ggaggaacag ttcaactcca ccttecegggt ggtgtetgtg 960
ctgaccgtgg tgcaccagga ctggctgaac ggcaaagaat acaagtgcaa ggtgtccaac 1020
aagggectge ctgccectat cgaaaagacce atctctaaga ccaagggceca gcctegegag 1080
cctcaggtcet acaccctgec tectagecgg gaggaaatga ccaagaacca ggtgtcecectg 1140
acctgtetgg tgaagggctt ctacccttcee gatatcgecg tggagtggga gtctaacggce 1200
cagcctgaga acaactacaa gaccacccct cctatgetgg actccgacgg ctecttette 1260
ctgtactcca agctgacagt ggacaagtcce cggtggcagce agggcaacgt gttctcectgce 1320
tcegtgatge acgaggccect gcacaaccac tacacccaga agtcecctgte ccetgtcectect 1380
ggcaagtga 1389
<210> SEQ ID NO 25
<211> LENGTH: 1389
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: 131R003 Heavy chain nucleotide sequence
<400> SEQUENCE: 25
atgaagcatc tttggttett cctgctettg gtggetgege cgaggtgggt gctcagecag 60
gtgcaactta aacagtcggg gcctgagttg gtcaaaccag gagcctcagt aaagattage 120
tgcaaagcat caggttatac ctttacggat tactcgatce actgggtgaa gcagaaccac 180
ggaaagtcac tggattggat cgggtacatc tacccctcga atggagattc ggggtataac 240
caaaagttca aaaaccgggc cacgctgact gtggacacgt cgtattccac cgcatatttg 300
gaagtccgea gactcacgtt cgaggactcce geggtatact attgtgecac atactttgeg 360
aattactttg actactgggg tcagggcaca acgcttactyg tctcecagege gtcaacaaag 420
ggececteeyg tgttecctet ggececttge teceggteca ccectetgagte taccgecget 480
ctgggetgee tggtgaagga ctacttecct gagectgtga cegtgtcectyg gaactctgge 540
geectgaccet ctggegtgca cacctteect geegtgetge agtcectecgg cetgtactece 600
ctgtecteeg tggtgaccegt gecttectee aactteggea cccagaccta cacctgcaac 660
gtggaccaca agccttccaa caccaaggtg gacaagaccg tggagcggaa gtgctgegtg 720
gagtgcccte cttgtectge tcoctectgtg getggecctt ctgtgttect gttecctect 780
aagcctaagg acaccctgat gatctceecgg acccctgaag tgacctgegt ggtggtggac 840
gtgtcccacyg aggaccctga ggtgcagttc aattggtacyg tggacggegt ggaggtgcac 900
aacgccaaga ccaagcectcg ggaggaacag ttcaactcca ccttecegggt ggtgtetgtg 960
ctgaccgtgg tgcaccagga ctggctgaac ggcaaagaat acaagtgcaa ggtgtccaac 1020
aagggectge ctgccectat cgaaaagacce atctctaaga ccaagggceca gcctegegag 1080
cctcaggtcet acaccctgec tectagecgg gaggaaatga ccaagaacca ggtgtcecectg 1140
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174

acctgtetgg
cagcctgaga
ctgtactcca
tcegtgatge
ggcaagtga

<210> SEQ I

<211> LENGT.
<212> TYPE:

tgaagggctt ctacccttee

acaactacaa gaccacccct

agctgacagt ggacaagtcc

acgaggccct gcacaaccac

D NO 26
H: 714
DNA

gatatcgecyg tggagtggga gtctaacgge

cctatgetgg actccgacgg ctecttette

cggtggcage agggcaacgt

tacacccaga agtccctgte

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

gttctectge

cctgtetect

<223> OTHER INFORMATION: 131R002/131R003 Light chain nucleotide

seque
<400> SEQUE:
atgaagcacc
atcgtgctca
tcatgcaaag
cagaaaccag
attccegeca
gtagaggagg
ttceggggety
ttcecteect
aacttttatc
aactcgcaag
acattgacge
catcagggat
<210> SEQ I

<211> LENGT.
<212> TYPE:

nce

NCE: 26

tctggttett tottettetg

cacagagccce tgcatcgete

cgtcacaatc ggtagattac

ggcagccece gaagttgete

gattcagegyg gagegggtca

aagatgcgge gacttactat

gaacaaaact ggaacttaaa

ccgacgaaca attgaagteg

cgagggaagce caaggtgcag

agtcagtcac agagcaagac

tgtcgaagge agattacgag

tgtcgtcace cgtgacgaaa

D NO 27

H: 443
PRT

gtegecagege

gcagtatcge

gacggagact

atctacgeeg

ggaacggatt

tgtcagcagt

cggactgtgg

ggtactgect

tggaaggtgg

tcgaaggatt

aaacacaagg

tcctttaacce

<213> ORGANISM: Artificial sequence

<220> FEATU
<223> OTHER

<400> SEQUE:

Gln Val Gln
1

Ser Val Lys

Ser Ile His
35

Gly Tyr Ile
50

Lys Asn Arg
65

Leu Glu Val

Ala Thr Tyr

Leu Thr Val
115

RE:

cgagatgggt

ttggtcageyg

cctacatgaa

cgtccaatet

ttaccctcaa

cgaatgagga

cggceteccte

cegtegtety

ataatgcget

cgacgtatte

tgtacgcgty

gcggagaatg

INFORMATION: 131R002 Heavy chain amino acid

NCE: 27

Leu Gln Glu Ser Gly

Ile Ser Cys Lys Ala

Trp Val Lys Gln Asn
40

Tyr Pro Ser Asn Gly
55

Ala Thr Leu Thr Val
70

Arg Arg Leu Thr Phe
85

Phe Ala Asn Tyr Phe
100

Ser Ser Ala Ser Thr
120

Pro

Ser

25

His

Asp

Asp

Glu

Asp
105

Lys

Glu

10

Gly

Gly

Ser

Thr

Asp
90

Tyr

Gly

Leu

Tyr

Lys

Gly

Ser

75

Ser

Trp

Pro

Val

Thr

Ser

Tyr

60

Ser

Ala

Gly

Ser

Lys

Phe

Leu

45

Asn

Ser

Val

Gln

Val
125

Pro

Thr

30

Asp

Gln

Thr

Tyr

Gly

110

Phe

acttagcgac

agcgaccatt

ctggtatcag

ggagtcaggc

tatccatceg

cccactcacy

agtgttcatc

tttgttgaac

gcagagcggt

gctcagecage

cgaggtcace

ctga

sequence

Gly

15

Asp

Trp

Lys

Ala

Tyr
95

Thr

Pro

Ala

Tyr

Ile

Phe

Tyr

80

Cys

Thr

Leu

1200

1260

1320

1380

1389

60

120

180

240

300

360

420

480

540

600

660

714
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175

-continued

176

Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu
130 135 140

Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155

Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170

Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Phe Gly Thr Gln Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Cys Val Glu
210 215 220

Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235

Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu
245 250

Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gln
260 265 270

Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Glu Glu Gln Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Val His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315

Asn Lys Gly Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys
325 330

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser
340 345 350

Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln
370 375 380

Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 395

Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln
405 410

Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440

<210> SEQ ID NO 28

<211> LENGTH: 443

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R003 Heavy chain amino acid

<400> SEQUENCE: 28

Gln Val Gln Leu Lys Gln Ser Gly Pro Glu Leu Val Lys Pro
1 5 10

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr
20 25 30

Ser Ile His Trp Val Lys Gln Asn His Gly Lys Ser Leu Asp
35 40 45

Gly Cys
Asn Ser
160

Gln Ser
175

Ser Asn

Ser Asn

Cys Pro

Phe Pro
240

Val Thr
255

Phe Asn

Pro Arg

Thr Val

Val Ser
320

Thr Lys
335

Arg Glu

Gly Phe

Pro Glu

Ser Phe

400

Gln Gly
415

His Tyr

sequence

Gly Ala
15

Asp Tyr

Trp Ile
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178

Gly

Lys

65

Leu

Ala

Leu

Ala

Leu

145

Gly

Ser

Phe

Thr

Pro

225

Pro

Cys

Trp

Glu

305

Asn

Gly

Glu

Tyr

Asn
385
Phe

Asn

Thr

Tyr

50

Asn

Glu

Thr

Thr

Pro

130

Val

Ala

Gly

Gly

Lys

210

Cys

Lys

Val

Tyr

Glu

290

His

Lys

Gln

Met

Pro

370

Asn

Leu

Val

Gln

Ile

Arg

Val

Tyr

Val

115

Cys

Lys

Leu

Leu

Thr

195

Val

Pro

Pro

Val

Val

275

Gln

Gln

Gly

Pro

Thr

355

Ser

Tyr

Tyr

Phe

Lys
435

Tyr

Ala

Arg

Phe

100

Ser

Ser

Asp

Thr

Tyr

180

Gln

Asp

Ala

Lys

Val

260

Asp

Phe

Asp

Leu

Arg

340

Lys

Asp

Lys

Ser

Ser
420

Ser

Pro

Thr

Arg

85

Ala

Ser

Arg

Tyr

Ser

165

Ser

Thr

Lys

Pro

Asp

245

Asp

Gly

Asn

Trp

Pro

325

Glu

Asn

Ile

Thr
Lys
405

Cys

Leu

<210> SEQ ID NO 29

<211> LENGTH:

218

Ser

Leu

70

Leu

Asn

Ala

Ser

Phe

150

Gly

Leu

Tyr

Thr

Pro

230

Thr

Val

Val

Ser

Leu

310

Ala

Pro

Gln

Ala

Thr
390
Leu

Ser

Ser

Asn

55

Thr

Thr

Tyr

Ser

Thr

135

Pro

Val

Ser

Thr

Val

215

Val

Leu

Ser

Glu

Thr

295

Asn

Pro

Gln

Val

Val

375

Pro

Thr

Val

Leu

Gly

Val

Phe

Phe

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Ala

Met

His

Val

280

Phe

Gly

Ile

Val

Ser

360

Glu

Pro

Val

Met

Ser
440

Asp

Asp

Glu

Asp

105

Lys

Glu

Pro

Thr

Val

185

Asn

Arg

Gly

Ile

Glu

265

His

Arg

Lys

Glu

Tyr

345

Leu

Trp

Met

Asp

His

425

Pro

Ser

Thr

Asp

90

Tyr

Gly

Ser

Val

Phe

170

Val

Val

Lys

Pro

Ser

250

Asp

Asn

Val

Glu

Lys

330

Thr

Thr

Glu

Leu
Lys
410

Glu

Gly

Gly

Ser

75

Ser

Trp

Pro

Thr

Thr

155

Pro

Thr

Asp

Cys

Ser

235

Arg

Pro

Ala

Val

Tyr

315

Thr

Leu

Cys

Ser

Asp

395

Ser

Ala

Lys

Tyr

60

Tyr

Ala

Gly

Ser

Ala

140

Val

Ala

Val

His

Cys

220

Val

Thr

Glu

Lys

Ser

300

Lys

Ile

Pro

Leu

Asn

380

Ser

Arg

Leu

Asn Gln Lys

Ser

Val

Gln

Val

125

Ala

Ser

Val

Pro

Lys

205

Val

Phe

Pro

Val

Thr

285

Val

Cys

Ser

Pro

Val

365

Gly

Asp

Trp

His

Thr

Tyr

Gly

110

Phe

Leu

Trp

Leu

Ser

190

Pro

Glu

Leu

Glu

Gln

270

Lys

Leu

Lys

Lys

Ser

350

Lys

Gln

Gly

Gln

Asn
430

Ala

Tyr

95

Thr

Pro

Gly

Asn

Gln

175

Ser

Ser

Cys

Phe

Val

255

Phe

Pro

Thr

Val

Thr

335

Arg

Gly

Pro

Ser

Gln
415

His

Phe

Tyr

80

Cys

Thr

Leu

Cys

Ser

160

Ser

Asn

Asn

Pro

Pro

240

Thr

Asn

Arg

Val

Ser

320

Lys

Glu

Phe

Glu

Phe
400

Gly

Tyr
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-continued

180

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R002/131R003 Light chain amino acid

sequence

<400> SEQUENCE: 29

Asp

1

Gln

Gly

Lys

Arg

65

Pro

Glu

Thr

Leu

Pro

145

Gly

Tyr

Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly
Arg Ala Thr Ile Ser Cys Lys Ala Ser Gln Ser Val Asp Tyr Asp
20 25 30

Asp Ser Tyr Met Asn Trp Tyr Gln Gln Lys Pro Gly Gln Pro Pro
35 40 45

Leu Leu Ile Tyr Ala Ala Ser Asn Leu Glu Ser Gly Ile Pro Ala
50 55 60

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Asn Ile His
70 75 80

Val Glu Glu Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Ser Asn
85 90 95

Asp Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys Arg
100 105 110

Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln
115 120 125

Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr
130 135 140

Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser
150 155 160

Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr
165 170 175

Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys
180 185 190

Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro
195 200 205

Thr Lys Ser Phe Asn Arg Gly Glu Cys
210 215

<210> SEQ ID NO 30

<211> LENGTH: 1332

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R002 Heavy chain amino acid sequence

<400> SEQUENCE: 30

caggtacaat tgcaagaatc cggacccgaa cttgtgaage ceggagegte agtcaagatce

tcgtgtaagg ccagegggta cacctttacg gattattega teccattgggt aaaacagaat

cacgggaagt cgctcgactg gattggttat atctaccegt ccaacggtga ttegggatac

aaccagaagt tcaaaaatcg ggccacactt acagtggaca categtegte aactgcatat

ctcgaggtee gcagactgac gtttgaggac tcagetgtet actattgege gacttattte

gccaactact tcgattactg gggccagggyg acgacactga cggtcagete cgegageacce

aagggcccect cegtgttece tetggecect tgeteceggt ccacctetga gtcetaccegece

getetggget gectggtgaa ggactactte cctgagectg tgaccgtgte ctggaactet

ggcgeectga cctetggegt gecacacctte cctgeegtge tgcagtecte cggectgtac

tcecetgtect cegtggtgac cgtgecttee tccaactteg gecacccagac ctacacctge

60

120

180

240

300

360

420

480

540

600
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-continued
aacgtggacc acaagccttc caacaccaag gtggacaaga ccgtggagcg gaagtgcetgce 660
gtggagtgce ctecttgtcee tgctectect gtggetggee cttetgtgtt cctgttecct 720
cctaagecta aggacaccct gatgatctec cggacccctg aagtgacctyg cgtggtggtg 780
gacgtgtcce acgaggaccce tgaggtgcag ttcaattggt acgtggacgg cgtggaggtg 840
cacaacgcca agaccaagcce tcgggaggaa cagttcaact ccaccttceg ggtggtgtcet 900
gtgctgacceg tggtgcacca ggactggctg aacggcaaag aatacaagtg caaggtgtcc 960
aacaagggcc tgcctgccce tatcgaaaag accatctcta agaccaaggg ccagcctcgce 1020

gagectcagyg tctacaccct gectectage cgggaggaaa tgaccaagaa ccaggtgtec 1080
ctgacctgtce tggtgaaggg cttctaccct tccgatateg cecgtggagtg ggagtctaac 1140
ggccagccetyg agaacaacta caagaccacc cctcectatge tggactccga cggcectcectte 1200
ttectgtact ccaagctgac agtggacaag tcceggtgge agcagggcaa cgtgttcetcece 1260
tgctcegtga tgcacgaggce cctgcacaac cactacaccce agaagtccct gteccctgtet 1320
cctggcaagt ga 1332
<210> SEQ ID NO 31

<211> LENGTH: 1332

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R003 Heavy chain amino acid sequence

<400> SEQUENCE: 31

caggtgcaac ttaaacagtc ggggcctgag ttggtcaaac caggagcectce agtaaagatt 60
agctgcaaag catcaggtta tacctttacg gattactcga tccactgggt gaagcagaac 120
cacggaaagt cactggattg gatcgggtac atctacccet cgaatggaga tteggggtat 180
aaccaaaagt tcaaaaaccg ggccacgetg actgtggaca cgtegtatte caccgcatat 240
ttggaagtce gcagactcac gttcgaggac tcegeggtat actattgtge cacatacttt 300
gcgaattact ttgactactg gggtcaggge acaacgctta ctgtctccag cgegtcaaca 360
aagggcccect cegtgttece tetggecect tgeteceggt ccacctetga gtcetaccegece 420
getetggget gectggtgaa ggactactte cctgagectg tgaccgtgte ctggaactet 480
ggcgeectga cctetggegt gecacacctte cctgeegtge tgcagtecte cggectgtac 540
tcecetgtect cegtggtgac cgtgecttee tccaactteg gecacccagac ctacacctge 600
aacgtggacc acaagectte caacaccaag gtggacaaga cegtggageg gaagtgetge 660
gtggagtgce ctecttgtec tgctectect gtggetggee cttetgtgtt cctgttecet 720
cctaagecta aggacaccct gatgatctee cggaccectg aagtgacetg cgtggtggtg 780
gacgtgtcee acgaggacce tgaggtgcag ttcaattggt acgtggacgyg cgtggaggtg 840
cacaacgcca agaccaagec tcgggaggaa cagttcaact ccaccttecg ggtggtgtet 900
gtgctgacceyg tggtgcacca ggactggcetyg aacggcaaag aatacaagtyg caaggtgtec 960
aacaagggcce tgectgeccee tatcgaaaag accatctcta agaccaaggg ccagectege 1020

gagcctcagg tctacaccct gectectage cgggaggaaa tgaccaagaa ccaggtgtec 1080

ctgacctgtce tggtgaaggg cttctaccct tccgatateg cecgtggagtg ggagtctaac 1140

ggccagccetyg agaacaacta caagaccacc cctcectatge tggactccga cggcectcectte 1200

ttectgtact ccaagctgac agtggacaag tcceggtgge agcagggcaa cgtgttcetcece 1260
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-continued

184

tgctcegtga tgcacgagge cctgcacaac cactacaccece agaagtcect gtccctgtet

cctggcaagt ga

<210> SEQ ID NO 32

<211> LENGTH: 657

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R002/131R003 Light chain amino acid
sequence

<400> SEQUENCE: 32
gacatcgtyge tcacacagag ccctgcatceg ctegcagtat cgettggtca gegagcgacce
atttcatgca aagcgtcaca atcggtagat tacgacggag actcctacat gaactggtat
cagcagaaac cagggcagcc cccgaagttg ctcatctacyg cegegtccaa tctggagtca
ggcattceceyg ccagattcag cgggageggg tcaggaacgg attttaccct caatatccat
ccggtagagg aggaagatgce ggcgacttac tattgtcage agtcgaatga ggacccacte
acgttcgggg ctggaacaaa actggaactt aaacggactyg tggcggctcee ctcagtgtte
atcttecccte cctecgacga acaattgaag tcegggtactyg ccteegtegt ctgtttgttg
aacaactttt atccgaggga agccaaggtg cagtggaagyg tggataatgce gctgcagage
ggtaactcge aagagtcagt cacagagcaa gactcgaagg attcgacgta ttecgetcage
agcacattga cgctgtcgaa ggcagattac gagaaacaca aggtgtacgce gtgcgaggte
acccatcagg gattgtcgtc acccgtgacg aaatccttta accgcggaga atgctga
<210> SEQ ID NO 33
<211> LENGTH: 8
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: FLAG Tag
<400> SEQUENCE: 33
Asp Tyr Lys Asp Asp Asp Asp Lys

5

1

<210> SEQ ID NO 34

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R003 Heavy chain CDR1 variant

<400> SEQUENCE: 34

Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr Thr Phe
1 5 10

<210> SEQ ID NO 35

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R003 Heavy chain CDR3 variant

<400> SEQUENCE: 35
Ala Thr Tyr Phe Ala Asn Asn Phe Asp Tyr

1 5 10

<210> SEQ ID NO 36
<211> LENGTH: 117

1320

1332

60

120

180

240

300

360

420

480

540

600

657
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-continued

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R003 Heavy chain variable region - Variant 1

<400> SEQUENCE: 36

Gln Val Gln Leu Lys Gln Ser Gly Pro Glu Leu Val Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
20 25 30

Ser Ile His Trp Val Lys Gln Asn His Gly Lys Ser Leu Asp Trp Ile

Gly Tyr Ile Tyr Pro Ser Asn Gly Asp Ser Gly Tyr Asn Gln Lys Phe
50 55 60

Lys Asn Arg Ala Thr Leu Thr Val Asp Thr Ser Tyr Ser Thr Ala Tyr
65 70 75 80

Leu Glu Val Arg Arg Leu Thr Phe Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

Ala Thr Tyr Phe Ala Asn Asn Phe Asp Tyr Trp Gly Gln Gly Thr Thr
100 105 110

Leu Thr Val Ser Ser
115

<210> SEQ ID NO 37

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R003 Heavy chain variable region - Variant 2

<400> SEQUENCE: 37

Gln Val Gln Leu Lys Gln Ser Gly Pro Glu Leu Val Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

Thr Phe His Trp Val Lys Gln Asn His Gly Lys Ser Leu Asp Trp Ile

Gly Tyr Ile Tyr Pro Ser Asn Gly Asp Ser Gly Tyr Asn Gln Lys Phe
50 55 60

Lys Asn Arg Ala Thr Leu Thr Val Asp Thr Ser Tyr Ser Thr Ala Tyr
65 70 75 80

Leu Glu Val Arg Arg Leu Thr Phe Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

Ala Thr Tyr Phe Ala Asn Asn Phe Asp Tyr Trp Gly Gln Gly Thr Thr
100 105 110

Leu Thr Val Ser Ser
115

<210> SEQ ID NO 38

<211> LENGTH: 462

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R003 Heavy chain - Variant 1

<400> SEQUENCE: 38

Met Lys His Leu Trp Phe Phe Leu Leu Leu Val Ala Ala Pro Arg Trp
1 5 10 15

Val Leu Ser Gln Val Gln Leu Lys Gln Ser Gly Pro Glu Leu Val Lys



187

US 9,181,333 B2

-continued

188

Pro

Thr

Asp

65

Gln

Thr

Tyr

Gly

Phe

145

Leu

Trp

Leu

Ser

Pro

225

Glu

Leu

Glu

Gln

Lys

305

Leu

Lys

Lys

Ser

Lys
385
Gln

Gly

Gln

Gly

Asp

50

Trp

Lys

Ala

Tyr

Thr

130

Pro

Gly

Asn

Gln

Ser

210

Ser

Cys

Phe

Val

Phe

290

Pro

Thr

Val

Thr

Arg

370

Gly

Pro

Ser

Gln

Ala

35

Tyr

Ile

Phe

Tyr

Cys

115

Thr

Leu

Cys

Ser

Ser

195

Asn

Asn

Pro

Pro

Thr

275

Asn

Arg

Val

Ser

Lys

355

Glu

Phe

Glu

Phe

Gly
435

20

Ser

Ser

Gly

Lys

Leu

100

Ala

Leu

Ala

Leu

Gly

180

Ser

Phe

Thr

Pro

Pro

260

Cys

Trp

Glu

Val

Asn

340

Gly

Glu

Tyr

Asn

Phe
420

Asn

Val

Ile

Tyr

Asn

85

Glu

Thr

Thr

Pro

Val

165

Ala

Gly

Gly

Lys

Cys

245

Lys

Val

Tyr

Glu

His

325

Lys

Gln

Met

Pro

Asn
405

Leu

Val

Lys

His

Ile

70

Arg

Val

Tyr

Val

Cys

150

Lys

Leu

Leu

Thr

Val

230

Pro

Pro

Val

Val

Gln

310

Gln

Gly

Pro

Thr

Ser
390
Tyr

Tyr

Phe

Ile

Trp

55

Tyr

Ala

Arg

Phe

Ser

135

Ser

Asp

Thr

Tyr

Gln

215

Asp

Ala

Lys

Val

Asp

295

Phe

Asp

Leu

Arg

Lys

375

Asp

Lys

Ser

Ser

Ser

40

Val

Pro

Thr

Arg

Ala

120

Ser

Arg

Tyr

Ser

Ser

200

Thr

Lys

Pro

Asp

Asp

280

Gly

Asn

Trp

Pro

Glu

360

Asn

Ile

Thr

Lys

Cys
440

25

Cys

Lys

Ser

Leu

Leu

105

Asn

Ala

Ser

Phe

Gly

185

Leu

Tyr

Thr

Pro

Thr

265

Val

Val

Ser

Leu

Ala

345

Pro

Gln

Ala

Thr

Leu
425

Ser

Lys

Gln

Asn

Thr

90

Thr

Asn

Ser

Thr

Pro

170

Val

Ser

Thr

Val

Val

250

Leu

Ser

Glu

Thr

Asn

330

Pro

Gln

Val

Val

Pro
410

Thr

Val

Ala

Asn

Gly

75

Val

Phe

Phe

Thr

Ser

155

Glu

His

Ser

Cys

Glu

235

Ala

Met

His

Val

Phe

315

Gly

Ile

Val

Ser

Glu
395
Pro

Val

Met

Ser

His

60

Asp

Asp

Glu

Asp

Lys

140

Glu

Pro

Thr

Val

Asn

220

Arg

Gly

Ile

Glu

His

300

Arg

Lys

Glu

Tyr

Leu

380

Trp

Met

Asp

His

Gly

45

Gly

Ser

Thr

Asp

Tyr

125

Gly

Ser

Val

Phe

Val

205

Val

Lys

Pro

Ser

Asp

285

Asn

Val

Glu

Lys

Thr

365

Thr

Glu

Leu

Lys

Glu
445

30

Tyr

Lys

Gly

Ser

Ser

110

Trp

Pro

Thr

Thr

Pro

190

Thr

Asp

Cys

Ser

Arg

270

Pro

Ala

Val

Tyr

Thr

350

Leu

Cys

Ser

Asp

Ser
430

Ala

Thr

Ser

Tyr

Tyr

95

Ala

Gly

Ser

Ala

Val

175

Ala

Val

His

Cys

Val

255

Thr

Glu

Lys

Ser

Lys

335

Ile

Pro

Leu

Asn

Ser
415

Arg

Leu

Phe

Leu

Asn

80

Ser

Val

Gln

Val

Ala

160

Ser

Val

Pro

Lys

Val

240

Phe

Pro

Val

Thr

Val

320

Cys

Ser

Pro

Val

Gly
400
Asp

Trp

His



189

US 9,181,333 B2

-continued

190

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys

<210>
<211>
<212>
<213>
<220>
<223>

450

PRT

SEQ ID NO 39
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

443

455

131R003 Heavy chain - Variant 1 without

predicted signal sequence

<400> SEQUENCE:

Gln

1

Ser

Ser

Gly

Lys

65

Leu

Ala

Leu

Ala

Leu

145

Gly

Ser

Phe

Thr

Pro

225

Pro

Cys

Trp

Glu

305

Asn

Gly

Val

Val

Ile

Tyr

50

Asn

Glu

Thr

Thr

Pro

130

Val

Ala

Gly

Gly

Lys

210

Cys

Lys

Val

Tyr

Glu
290
His

Lys

Gln

Gln

Lys

His

35

Ile

Arg

Val

Tyr

Val

115

Cys

Lys

Leu

Leu

Thr

195

Val

Pro

Pro

Val

Val

275

Gln

Gln

Gly

Pro

Leu

Ile

20

Trp

Tyr

Ala

Arg

Phe

100

Ser

Ser

Asp

Thr

Tyr

180

Gln

Asp

Ala

Lys

Val

260

Asp

Phe

Asp

Leu

Arg

39

Lys

5

Ser

Val

Pro

Thr

Arg

85

Ala

Ser

Arg

Tyr

Ser

165

Ser

Thr

Lys

Pro

Asp

245

Asp

Gly

Asn

Trp

Pro
325

Glu

Gln

Cys

Lys

Ser

Leu

70

Leu

Asn

Ala

Ser

Phe

150

Gly

Leu

Tyr

Thr

Pro

230

Thr

Val

Val

Ser

Leu
310

Ala

Pro

Ser

Lys

Gln

Asn

55

Thr

Thr

Asn

Ser

Thr

135

Pro

Val

Ser

Thr

Val

215

Val

Leu

Ser

Glu

Thr

295

Asn

Pro

Gln

Gly

Ala

Asn

40

Gly

Val

Phe

Phe

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Ala

Met

His

Val

280

Phe

Gly

Ile

Val

Pro

Ser

25

His

Asp

Asp

Glu

Asp

105

Lys

Glu

Pro

Thr

Val

185

Asn

Arg

Gly

Ile

Glu

265

His

Arg

Lys

Glu

Tyr

Glu

10

Gly

Gly

Ser

Thr

Asp

90

Tyr

Gly

Ser

Val

Phe

170

Val

Val

Lys

Pro

Ser

250

Asp

Asn

Val

Glu

Lys
330

Thr

Leu

Tyr

Lys

Gly

Ser

75

Ser

Trp

Pro

Thr

Thr

155

Pro

Thr

Asp

Cys

Ser

235

Arg

Pro

Ala

Val

Tyr
315

Thr

Leu

460

Val

Thr

Ser

Tyr

60

Tyr

Ala

Gly

Ser

Ala

140

Val

Ala

Val

His

Cys

220

Val

Thr

Glu

Lys

Ser
300
Lys

Ile

Pro

Lys

Phe

Leu

45

Asn

Ser

Val

Gln

Val

125

Ala

Ser

Val

Pro

Lys

205

Val

Phe

Pro

Val

Thr

285

Val

Cys

Ser

Pro

Pro

Thr

30

Asp

Gln

Thr

Tyr

Gly

110

Phe

Leu

Trp

Leu

Ser

190

Pro

Glu

Leu

Glu

Gln

270

Lys

Leu

Lys

Lys

Ser

Gly

15

Asp

Trp

Lys

Ala

Tyr

95

Thr

Pro

Gly

Asn

Gln

175

Ser

Ser

Cys

Phe

Val

255

Phe

Pro

Thr

Val

Thr
335

Arg

Ala

Tyr

Ile

Phe

Tyr

80

Cys

Thr

Leu

Cys

Ser

160

Ser

Asn

Asn

Pro

Pro

240

Thr

Asn

Arg

Val

Ser
320

Lys

Glu



191

US 9,181,333 B2

-continued

192

Glu Met Thr
355

Tyr Pro Ser
370

Asn Asn Tyr
385

Phe Leu Tyr

Asn Val Phe

Thr Gln Lys
435

<210> SEQ I
<211> LENGT.
<212> TYPE:

340

Lys Asn Gln Val Ser

360

Asp Ile Ala Val Glu

375

Lys Thr Thr Pro Pro
390

Ser Lys Leu Thr Val

405

Ser Cys Ser Val Met

420

Ser Leu Ser Leu Ser

D NO 40
H: 1389
DNA

440

345

Leu Thr Cys

Trp Glu Ser

Met Leu Asp

395

Asp Lys Ser
410

His Glu Ala
425

Pro Gly Lys

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:

atgaagcatc

gtgcaactta

tgcaaagcat

ggaaagtcac

caaaagttca

gaagtccgca

aataactttg

ggccectecy

ctgggetgec

geectgaccet

ctgtecteceyg

gtggaccaca

gagtgcccte

aagcctaagg

gtgtcccacy

aacgccaaga

ctgaccgtygyg

aagggcctge

cctecaggtet

acctgtetgg

cagcctgaga

ctgtactcca

tcegtgatge

ggcaagtga

RE:

NCE: 40

tttggttett

aacagtcggg

caggttatac

tggattggat

aaaaccggge

gactcacgtt

actactgggyg

tgttcectet

tggtgaagga

ctggegtgea

tggtgaccgt

agccttecaa

cttgtectge

acaccctgat

aggaccctga

ccaagecteg

tgcaccagga

ctgecectat

acaccetgec

tgaagggett

acaactacaa

agctgacagt

acgaggeect

cctgetettyg

gectgagtty

ctttacggat

cgggtacatce

cacgctgact

cgaggactce

tcagggcaca

ggceccettge

ctacttccect

cacctteect

gecttectee

caccaaggtyg

tcctectgty

gatctecegyg

ggtgcagtte

ggaggaacag

ctggctgaac

cgaaaagacc

tcctagecgy

ctacccttcec

gaccaccect

ggacaagtce

gcacaaccac

gtggetgege

gtcaaaccag

tactcgatce

tacccctega

gtggacacgt

geggtatact

acgcttactg

tcceggteca

gagcctgtga

geegtgetge

aacttecggca

gacaagaccyg

getggeccett

acccctgaag

aattggtacg

ttcaactcca

ggcaaagaat

atctctaaga

gaggaaatga

gatatcgecyg

cctatgetygyg

cggtggcagc

tacacccaga

350

Leu Val Lys
365

Asn Gly Gln
380

Ser Asp Gly

Arg Trp Gln

Leu His Asn
430

131R003 Heavy chain - Variant

cgaggtgggt

gagcctcagt

actgggtgaa

atggagattc

cgtattccac

attgtgccac

tctecagege

cctetgagte

cegtgtecty

agtccteegyg

cccagaccta

tggagcggaa

ctgtgttect

tgacctgegt

tggacggcgt

cctteegggt

acaagtgcaa

ccaagggceca

ccaagaacca

tggagtggga

actccgacgg

agggcaacgt

agtccetgte

Gly Phe

Pro Glu

Ser Phe

400

Gln Gly
415

His Tyr

1 nucleic acid

gctcagecag

aaagattagce

gcagaaccac

ggggtataac

cgcatatttyg

atactttgeg

gtcaacaaag

taccgecget

gaactctgge

cctgtactee

cacctgcaac

gtgctgegtg

gttecctect

ggtggtggac

ggaggtgcac

ggtgtctgtg

ggtgtccaac

gectegegag

ggtgtccetyg

gtctaacgge

ctccttette

gttctectge

cctgtetect

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1389



US 9,181,333 B2
193 194

-continued

<210> SEQ ID NO 41

<211> LENGTH: 462

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: 131R003 Heavy chain - Variant 2

<400> SEQUENCE: 41

Met Lys His Leu Trp Phe Phe Leu Leu Leu Val Ala Ala Pro Arg Trp
1 5 10 15

Val Leu Ser Gln Val Gln Leu Lys Gln Ser Gly Pro Glu Leu Val Lys
20 25 30

Pro Gly Ala Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe
35 40 45

Thr Ser Tyr Thr Phe His Trp Val Lys Gln Asn His Gly Lys Ser Leu
50 55 60

Asp Trp Ile Gly Tyr Ile Tyr Pro Ser Asn Gly Asp Ser Gly Tyr Asn
65 70 75 80

Gln Lys Phe Lys Asn Arg Ala Thr Leu Thr Val Asp Thr Ser Tyr Ser
85 90 95

Thr Ala Tyr Leu Glu Val Arg Arg Leu Thr Phe Glu Asp Ser Ala Val
100 105 110

Tyr Tyr Cys Ala Thr Tyr Phe Ala Asn Asn Phe Asp Tyr Trp Gly Gln
115 120 125

Gly Thr Thr Leu Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
130 135 140

Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala
145 150 155 160

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
165 170 175

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
180 185 190

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
195 200 205

Ser Ser Asn Phe Gly Thr Gln Thr Tyr Thr Cys Asn Val Asp His Lys
210 215 220

Pro Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Cys Val
225 230 235 240

Glu Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe
245 250 255

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
260 265 270

Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val
275 280 285

Gln Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
290 295 300

Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Phe Arg Val Val Ser Val
305 310 315 320

Leu Thr Val Val His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
325 330 335

Lys Val Ser Asn Lys Gly Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser
340 345 350

Lys Thr Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
355 360 365

Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val



195

US 9,181,333 B2

-continued

196

Lys

385

Gln

Gly

Gln

Asn

<210>
<211>
<212>
<213>
<220>
<223>

370

Gly

Pro

Ser

Gln

His
450

Phe

Glu

Phe

Gly

435

Tyr

Tyr

Asn

Phe

420

Asn

Thr

PRT

<400> SEQUENCE:

Gln Val Gln Leu

1

Ser

Thr

Gly

Lys

65

Leu

Ala

Leu

Ala

Leu

145

Gly

Ser

Phe

Thr

Pro
225
Pro

Cys

Trp

Val

Phe

Tyr

50

Asn

Glu

Thr

Thr

Pro

130

Val

Ala

Gly

Gly

Lys

210

Cys

Lys

Val

Tyr

Lys

His

35

Ile

Arg

Val

Tyr

Val

115

Cys

Lys

Leu

Leu

Thr

195

Val

Pro

Pro

Val

Val

Ile

20

Trp

Tyr

Ala

Arg

Phe

100

Ser

Ser

Asp

Thr

Tyr

180

Gln

Asp

Ala

Lys

Val
260

Asp

Pro Ser
390

Asn Tyr
405
Leu Tyr

Val Phe

Gln Lys

SEQ ID NO 42
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

443

42

Lys Gln

Ser Cys

Val Lys

Pro Ser

Thr Leu
70

Arg Leu
85

Ala Asn

Ser Ala

Arg Ser

Tyr Phe
150

Ser Gly
165

Ser Leu

Thr Tyr

Lys Thr

Pro Pro
230

Asp Thr
245

Asp Val

Gly Val

375

Asp

Lys

Ser

Ser

Ser
455

131R003 Heavy chain - Variant 2

Ser

Lys

Gln

Asn

55

Thr

Thr

Asn

Ser

Thr

135

Pro

Val

Ser

Thr

Val

215

Val

Leu

Ser

Glu

Ile

Thr

Lys

Cys

440

Leu

Gly

Ala

Asn

40

Gly

Val

Phe

Phe

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Ala

Met

His

Val

Ala

Thr

Leu

425

Ser

Ser

Pro

Ser

25

His

Asp

Asp

Glu

Asp

105

Lys

Glu

Pro

Thr

Val

185

Asn

Arg

Gly

Ile

Glu
265

His

Val

Pro

410

Thr

Val

Leu

Glu

10

Gly

Gly

Ser

Thr

Asp

90

Tyr

Gly

Ser

Val

Phe

170

Val

Val

Lys

Pro

Ser
250

Asp

Asn

Glu

395

Pro

Val

Met

Ser

Leu

Tyr

Lys

Gly

Ser

75

Ser

Trp

Pro

Thr

Thr

155

Pro

Thr

Asp

Cys

Ser
235
Arg

Pro

Ala

380

Trp

Met

Asp

His

Pro
460

Val

Thr

Ser

Tyr

60

Tyr

Ala

Gly

Ser

Ala

140

Val

Ala

Val

His

Cys

220

Val

Thr

Glu

Lys

Glu

Leu

Lys

Glu

445

Gly

Lys

Phe

Leu

45

Asn

Ser

Val

Gln

Val

125

Ala

Ser

Val

Pro

Lys

205

Val

Phe

Pro

Val

Thr

Ser

Asp

Ser

430

Ala

Lys

Pro

Thr

30

Asp

Gln

Thr

Tyr

Gly

110

Phe

Leu

Trp

Leu

Ser

190

Pro

Glu

Leu

Glu

Gln
270

Lys

Asn
Ser
415

Arg

Leu

Gly

15

Ser

Trp

Lys

Ala

Tyr

95

Thr

Pro

Gly

Asn

Gln

175

Ser

Ser

Cys

Phe

Val
255

Phe

Pro

Gly
400
Asp

Trp

His

Ala

Tyr

Ile

Phe

Tyr

80

Cys

Thr

Leu

Cys

Ser

160

Ser

Asn

Asn

Pro

Pro
240
Thr

Asn

Arg



197

US 9,181,333 B2

-continued

198

275

Glu Glu Gln
290

Val His Gln
305

Asn Lys Gly

Gly Gln Pro

Glu Met Thr
355

Tyr Pro Ser
370

Asn Asn Tyr
385

Phe Leu Tyr

Asn Val Phe

Thr Gln Lys
435

<210> SEQ I
<211> LENGT.
<212> TYPE:

280

Phe Asn Ser Thr Phe

295

Asp Trp Leu Asn Gly
310

Leu Pro Ala Pro Ile

325

Arg Glu Pro Gln Val

340

Lys Asn Gln Val Ser

360

Asp Ile Ala Val Glu

375

Lys Thr Thr Pro Pro
390

Ser Lys Leu Thr Val

405

Ser Cys Ser Val Met

420

Ser Leu Ser Leu Ser

D NO 43
H: 1389
DNA

440

Arg Val Val
Lys Glu Tyr
315

Glu Lys Thr
330

Tyr Thr Leu
345

Leu Thr Cys

Trp Glu Ser

Met Leu Asp
395

Asp Lys Ser
410

His Glu Ala
425

Pro Gly Lys

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 43

atgaagcatc

gtgcaactta

tgcaaagcat

ggaaagtcac

caaaagttca

gaagtccgca

aataactttg

ggccectecy

ctgggetgec

geectgaccet

ctgtecteceyg

gtggaccaca

gagtgcccte

aagcctaagg

gtgtcccacy

aacgccaaga

ctgaccgtygyg

aagggcctge

cctecaggtet

tttggttett

aacagtcggg
caggatacac
tggattggat
aaaaccggge

gactcacgtt

actactgggyg

tgttcectet

tggtgaagga

ctggegtgea

tggtgaccgt

agccttecaa

cttgtectge

acaccctgat

aggaccctga

ccaagecteg

tgcaccagga

ctgecectat

acaccetgec

cctgetettyg

gectgagtty

cttcactage

cgggtacatce

cacgctgact

cgaggactce

tcagggcaca

ggceccettge

ctacttccect

cacctteect

gecttectee

caccaaggtyg

tcctectgty

gatctecegyg

ggtgcagtte

ggaggaacag

ctggctgaac

cgaaaagacc

tcctagecgy

gtggetgege

gtcaaaccag

tatacattcc

tacccctega

gtggacacgt

geggtatact

acgcttactg

tcceggteca

gagcctgtga

geegtgetge

aacttecggca

gacaagaccyg

getggeccett

acccctgaag

aattggtacg

ttcaactcca

ggcaaagaat

atctctaaga

gaggaaatga

285

Ser Val Leu
300

Lys Cys Lys

Ile Ser Lys

Pro Pro Ser
350

Leu Val Lys
365

Asn Gly Gln
380

Ser Asp Gly

Arg Trp Gln

Leu His Asn
430

131R003 Heavy chain - Variant

cgaggtgggt

gagcctcagt

actgggtgaa

atggagattc

cgtattccac

attgtgccac

tctecagege

cctetgagte

cegtgtecty

agtccteegyg

cccagaccta

tggagcggaa

ctgtgttect

tgacctgegt

tggacggcgt

cctteegggt

acaagtgcaa

ccaagggceca

ccaagaacca

Thr Val
Val Ser
320

Thr Lys
335

Arg Glu

Gly Phe

Pro Glu

Ser Phe
400

Gln Gly
415

His Tyr

2 nucleic acid

gctcagecag

aaagattagce

gcagaaccac

ggggtataac

cgcatatttyg

atactttgeg

gtcaacaaag

taccgecget

gaactctgge

cctgtactee

cacctgcaac

gtgctgegtg

gttecctect

ggtggtggac

ggaggtgcac

ggtgtctgtg

ggtgtccaac

gectegegag

ggtgtccetyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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-continued

200

acctgtetgg

cagcctgaga

ctgtactcca

tcegtgatge

ggcaagtga

<210>
<211>
<212>
<213>
<220>
<223>

tgaagggett

acaactacaa

agctgacagt

acgaggeect

PRT

SEQ ID NO 44
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Humanized 131R005/131R007/131R008/131R010/

117

ctacccttcec

gaccaccect

ggacaagtce

gcacaaccac

gatategecyg tggagtggga

cctatgetgyg actccgacgyg

cggtggcage agggcaacgt

tacacccaga agtccctgte

131R011 Heavy chain variable region

<400> SEQUENCE:

Gln

1

Ser

Ser

Gly

Lys

65

Met

Ala

Leu

<210>
<211>
<212>
<213>
<220>
<223>

Val Gln Leu

Val

Ile

Tyr

50

Asn

Glu

Thr

Thr

Lys

His

35

Ile

Arg

Leu

Tyr

Val
115

Val

20

Trp

Tyr

Val

Ser

Phe

100

Ser

PRT

<400> SEQUENCE:

Gln

1

Ser

Thr

Gly

Lys

65

Met

Ala

Leu

Val Gln Leu

Val

Phe

Tyr

50

Asn

Glu

Thr

Thr

Lys

His

35

Ile

Arg

Leu

Tyr

Val
115

Val

Trp

Tyr

Val

Ser

Phe

100

Ser

44

Val Gln

Ser Cys

Val Arg

Pro Ser

Thr Met

70

Arg Leu
85

Ala Asn

Ser

SEQ ID NO 45
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Humanized 131R006A

117

45

Val Gln
5

Ser Cys

Val Arg

Pro Ser

Thr Met
70

Arg Leu
85

Ala Asn

Ser

Ser

Lys

Gln

Asn

55

Thr

Arg

Asn

Ser

Lys

Gln

Asn

55

Thr

Arg

Asn

Gly

Ala

Ala

40

Gly

Arg

Ser

Phe

Gly

Ala

Ala

40

Gly

Arg

Ser

Phe

Ala

Ser

25

Pro

Asp

Asp

Glu

Asp
105

Ala

Ser

25

Pro

Asp

Asp

Glu

Asp
105

Glu

10

Gly

Gly

Ser

Thr

Asp

90

Tyr

Glu

10

Gly

Gly

Ser

Thr

Asp
90

Tyr

Val

Tyr

Gln

Gly

Ser

75

Thr

Trp

Val

Tyr

Gln

Gly

Ser

75

Thr

Trp

Lys

Thr

Gly

Tyr

60

Thr

Ala

Gly

Lys

Phe

Leu

45

Asn

Ser

Val

Gln

Pro

Thr

30

Glu

Gln

Thr

Tyr

Gly
110

Heavy chain

Lys

Thr

Gly

Tyr

60

Thr

Ala

Gly

Lys

Phe

Leu

45

Asn

Ser

Val

Gln

Pro

Thr

30

Glu

Gln

Thr

Tyr

Gly
110

gtctaacgge

ctccttette

gttctectge

cctgtetect

Gly

15

Asp

Trp

Lys

Ala

Tyr

95

Thr

Ala

Tyr

Ile

Phe

Tyr

80

Cys

Thr

1200

1260

1320

1380

1389

variable region

Gly

15

Ser

Trp

Lys

Ala

Tyr
95

Thr

Ala

Tyr

Ile

Phe

Tyr

80

Cys

Thr
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201 202

-continued

<210> SEQ ID NO 46

<211> LENGTH: 462

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized 131R005/131R007/131R011 Heavy chain
(1gG2)

<400> SEQUENCE: 46

Met Lys His Leu Trp Phe Phe Leu Leu Leu Val Ala Ala Pro Arg Trp
1 5 10 15

Val Leu Ser Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys
20 25 30

Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe
35 40 45

Thr Asp Tyr Ser Ile His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu
50 55 60

Glu Trp Ile Gly Tyr Ile Tyr Pro Ser Asn Gly Asp Ser Gly Tyr Asn
65 70 75 80

Gln Lys Phe Lys Asn Arg Val Thr Met Thr Arg Asp Thr Ser Thr Ser
85 90 95

Thr Ala Tyr Met Glu Leu Ser Arg Leu Arg Ser Glu Asp Thr Ala Val
100 105 110

Tyr Tyr Cys Ala Thr Tyr Phe Ala Asn Asn Phe Asp Tyr Trp Gly Gln
115 120 125

Gly Thr Thr Leu Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
130 135 140

Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala
145 150 155 160

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
165 170 175

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
180 185 190

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
195 200 205

Ser Ser Asn Phe Gly Thr Gln Thr Tyr Thr Cys Asn Val Asp His Lys
210 215 220

Pro Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Cys Val
225 230 235 240

Glu Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe
245 250 255

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
260 265 270

Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val
275 280 285

Gln Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
290 295 300

Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Phe Arg Val Val Ser Val
305 310 315 320

Leu Thr Val Val His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
325 330 335

Lys Val Ser Asn Lys Gly Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser
340 345 350

Lys Thr Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
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-continued

204

Ser

Lys

385

Gln

Gly

Gln

Asn

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Arg

370

Gly

Pro

Ser

Gln

His
450

355

Glu

Phe

Glu

Phe

Gly

435

Tyr

Glu

Tyr

Asn

Phe

420

Asn

Thr

PRT

SEQUENCE :

Met

Pro

Asn

405

Leu

Val

Gln

SEQ ID NO 47
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Humanized 131R006A

462

47

Thr

Ser

390

Tyr

Tyr

Phe

Lys

Met Lys His Leu Trp Phe

1

Val

Pro

Thr

Glu

65

Gln

Thr

Tyr

Gly

Phe

145

Leu

Trp

Leu

Ser

Pro
225

Glu

Leu

Leu

Gly

Ser

50

Trp

Lys

Ala

Tyr

Thr

130

Pro

Gly

Asn

Gln

Ser
210
Ser

Cys

Phe

Ser

Ala

Tyr

Ile

Phe

Tyr

Cys

115

Thr

Leu

Cys

Ser

Ser

195

Asn

Asn

Pro

Pro

Gln

20

Ser

Thr

Gly

Lys

Met

100

Ala

Leu

Ala

Leu

Gly

180

Ser

Phe

Thr

Pro

Pro

5

Val

Val

Phe

Tyr

Asn

85

Glu

Thr

Thr

Pro

Val

165

Ala

Gly

Gly

Lys

Cys

245

Lys

Gln

Lys

His

Ile

70

Arg

Leu

Tyr

Val

Cys

150

Lys

Leu

Leu

Thr

Val
230

Pro

Pro

Lys

375

Asp

Lys

Ser

Ser

Ser
455

Phe

Leu

Val

Trp

55

Tyr

Val

Ser

Phe

Ser

135

Ser

Asp

Thr

Tyr

Gln

215

Asp

Ala

Lys

360

Asn

Ile

Thr

Lys

Cys

440

Leu

Leu

Val

Ser

40

Val

Pro

Thr

Arg

Ala

120

Ser

Arg

Tyr

Ser

Ser

200

Thr

Lys

Pro

Asp

Gln

Ala

Thr

Leu

425

Ser

Ser

Leu

Gln

25

Cys

Arg

Ser

Met

Leu

105

Asn

Ala

Ser

Phe

Gly

185

Leu

Tyr

Thr

Pro

Thr

Val

Val

Pro

410

Thr

Val

Leu

Leu

10

Ser

Lys

Gln

Asn

Thr

90

Arg

Asn

Ser

Thr

Pro

170

Val

Ser

Thr

Val

Val
250

Leu

Ser

Glu

395

Pro

Val

Met

Ser

Val

Gly

Ala

Ala

Gly

75

Arg

Ser

Phe

Thr

Ser

155

Glu

His

Ser

Cys

Glu
235

Ala

Met

Leu

380

Trp

Met

Asp

His

Pro
460

365

Thr

Glu

Leu

Lys

Glu

445

Gly

Cys

Ser

Asp

Ser

430

Ala

Lys

Heavy chain

Ala

Ala

Ser

Pro

60

Asp

Asp

Glu

Asp

Lys

140

Glu

Pro

Thr

Val

Asn
220
Arg

Gly

Ile

Ala

Glu

Gly

Gly

Ser

Thr

Asp

Tyr

125

Gly

Ser

Val

Phe

Val

205

Val

Lys

Pro

Ser

Pro

Val

30

Tyr

Gln

Gly

Ser

Thr

110

Trp

Pro

Thr

Thr

Pro

190

Thr

Asp

Cys

Ser

Arg

Leu

Asn

Ser

415

Arg

Leu

Arg

15

Lys

Thr

Gly

Tyr

Thr

95

Ala

Gly

Ser

Ala

Val

175

Ala

Val

His

Cys

Val
255

Thr

Val

Gly

400

Asp

Trp

His

Trp

Lys

Phe

Leu

Asn

80

Ser

Val

Gln

Val

Ala

160

Ser

Val

Pro

Lys

Val
240

Phe

Pro
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-continued

206

Glu

Gln

Lys

305

Leu

Lys

Lys

Ser

Lys

385

Gln

Gly

Gln

Asn

<210>
<211>
<212>
<213>
<220>
<223>

Val

Phe

290

Pro

Thr

Val

Thr

Arg

370

Gly

Pro

Ser

Gln

His
450

Thr

275

Asn

Arg

Val

Ser

Lys

355

Glu

Phe

Glu

Phe

Gly

435

Tyr

260

Cys

Trp

Glu

Val

Asn

340

Gly

Glu

Tyr

Asn

Phe

420

Asn

Thr

PRT

<400> SEQUENCE:

Gln

1

Ser

Ser

Gly

Lys

65

Met

Ala

Leu

Ala

Leu
145

Val Gln Leu

Val

Ile

Tyr

50

Asn

Glu

Thr

Thr

Pro

130

Val

Lys

His

35

Ile

Arg

Leu

Tyr

Val
115

Cys

Lys

Val

20

Trp

Tyr

Val

Ser

Phe

100

Ser

Ser

Asp

Val

Tyr

Glu

His

325

Lys

Gln

Met

Pro

Asn

405

Leu

Val

Gln

SEQ ID NO 48
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Humanized 131R005/131R007/131R011 Heavy chain
(1gG2)

443

Val

Ser

Val

Pro

Thr

Arg

85

Ala

Ser

Arg

Tyr

Val

Val

Gln

310

Gln

Gly

Pro

Thr

Ser

390

Tyr

Tyr

Phe

Lys

Gln

Cys

Arg

Ser

Met

70

Leu

Asn

Ala

Ser

Phe
150

Val

Asp

295

Phe

Asp

Leu

Arg

Lys

375

Asp

Lys

Ser

Ser

Ser
455

Ser

Lys

Gln

Asn

55

Thr

Arg

Asn

Ser

Thr

135

Pro

Asp

280

Gly

Asn

Trp

Pro

Glu

360

Asn

Ile

Thr

Lys

Cys

440

Leu

Gly

Ala

Ala

40

Gly

Arg

Ser

Phe

Thr
120

Ser

Glu

265

Val

Val

Ser

Leu

Ala

345

Pro

Gln

Ala

Thr

Leu

425

Ser

Ser

Ala

Ser

25

Pro

Asp

Asp

Glu

Asp

105

Lys

Glu

Pro

Ser

Glu

Thr

Asn

330

Pro

Gln

Val

Val

Pro

410

Thr

Val

Leu

Glu

10

Gly

Gly

Ser

Thr

Asp

90

Tyr

Gly

Ser

Val

His

Val

Phe

315

Gly

Ile

Val

Ser

Glu

395

Pro

Val

Met

Ser

Val

Tyr

Gln

Gly

Ser

75

Thr

Trp

Pro

Thr

Thr
155

Glu

His

300

Arg

Lys

Glu

Tyr

Leu

380

Trp

Met

Asp

His

Pro
460

Lys

Thr

Gly

Tyr

60

Thr

Ala

Gly

Ser

Ala

140

Val

Asp

285

Asn

Val

Glu

Lys

Thr

365

Thr

Glu

Leu

Lys

Glu

445

Gly

Lys

Phe

Leu

45

Asn

Ser

Val

Gln

Val
125

Ala

Ser

270

Pro

Ala

Val

Tyr

Thr

350

Leu

Cys

Ser

Asp

Ser

430

Ala

Lys

Pro

Thr

30

Glu

Gln

Thr

Tyr

Gly

110

Phe

Leu

Trp

Glu

Lys

Ser

Lys

335

Ile

Pro

Leu

Asn

Ser

415

Arg

Leu

Gly

15

Asp

Trp

Lys

Ala

Tyr

95

Thr

Pro

Gly

Asn

Val

Thr

Val

320

Cys

Ser

Pro

Val

Gly

400

Asp

Trp

His

Ala

Tyr

Ile

Phe

Tyr

80

Cys

Thr

Leu

Cys

Ser
160
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-continued

208

Gly

Ser

Phe

Thr

Pro

225

Pro

Cys

Trp

Glu

305

Asn

Gly

Glu

Tyr

Asn

385

Phe

Asn

Thr

<210>
<211>
<212>
<213>
<220>
<223>

Ala

Gly

Gly

Lys

210

Cys

Lys

Val

Tyr

Glu

290

His

Lys

Gln

Met

Pro

370

Asn

Leu

Val

Gln

Leu

Leu

Thr

195

Val

Pro

Pro

Val

Val

275

Gln

Gln

Gly

Pro

Thr

355

Ser

Tyr

Tyr

Phe

Lys
435

Thr

Tyr

180

Gln

Asp

Ala

Lys

Val

260

Asp

Phe

Asp

Leu

Arg

340

Lys

Asp

Lys

Ser

Ser

420

Ser

PRT

<400> SEQUENCE:

Gln

1

Ser

Thr

Gly

Lys
65

Val Gln Leu

Val

Phe

Tyr

50

Asn

Lys

His

35

Ile

Arg

Val

20

Trp

Tyr

Val

Ser

165

Ser

Thr

Lys

Pro

Asp

245

Asp

Gly

Asn

Trp

Pro

325

Glu

Asn

Ile

Thr

Lys

405

Cys

Leu

SEQ ID NO 49
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Humanized 131R006A

443

49

Val

5

Ser

Val

Pro

Thr

Gly

Leu

Tyr

Thr

Pro

230

Thr

Val

Val

Ser

Leu

310

Ala

Pro

Gln

Ala

Thr

390

Leu

Ser

Ser

Gln

Cys

Arg

Ser

Met
70

Val

Ser

Thr

Val

215

Val

Leu

Ser

Glu

Thr

295

Asn

Pro

Gln

Val

Val

375

Pro

Thr

Val

Leu

Ser

Lys

Gln

Asn

55

Thr

His

Ser

Cys

200

Glu

Ala

Met

His

Val

280

Phe

Gly

Ile

Val

Ser

360

Glu

Pro

Val

Met

Ser
440

Gly

Ala

Ala

40

Gly

Arg

Thr

Val

185

Asn

Arg

Gly

Ile

Glu

265

His

Arg

Lys

Glu

Tyr

345

Leu

Trp

Met

Asp

His

425

Pro

Ala

Ser

25

Pro

Asp

Asp

Phe

170

Val

Val

Lys

Pro

Ser

250

Asp

Asn

Val

Glu

Lys

330

Thr

Thr

Glu

Leu

Lys

410

Glu

Gly

Glu

10

Gly

Gly

Ser

Thr

Pro

Thr

Asp

Cys

Ser

235

Arg

Pro

Ala

Val

Tyr

315

Thr

Leu

Cys

Ser

Asp

395

Ser

Ala

Lys

Val

Tyr

Gln

Gly

Ser
75

Ala

Val

His

Cys

220

Val

Thr

Glu

Lys

Ser

300

Lys

Ile

Pro

Leu

Asn

380

Ser

Arg

Leu

Val

Pro

Lys

205

Val

Phe

Pro

Val

Thr

285

Val

Cys

Ser

Pro

Val

365

Gly

Asp

Trp

His

Leu

Ser

190

Pro

Glu

Leu

Glu

Gln

270

Lys

Leu

Lys

Lys

Ser

350

Lys

Gln

Gly

Gln

Asn
430

Heavy chain

Lys

Thr

Gly

Tyr

60

Thr

Lys

Phe

Leu

45

Asn

Ser

Pro

Thr

30

Glu

Gln

Thr

Gln

175

Ser

Ser

Cys

Phe

Val

255

Phe

Pro

Thr

Val

Thr

335

Arg

Gly

Pro

Ser

Gln

415

His

Gly

15

Ser

Trp

Lys

Ala

Ser

Asn

Asn

Pro

Pro

240

Thr

Asn

Arg

Val

Ser

320

Lys

Glu

Phe

Glu

Phe

400

Gly

Tyr

Ala

Tyr

Ile

Phe

Tyr
80
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-continued

210

Met

Ala

Leu

Ala

Leu

145

Gly

Ser

Phe

Thr

Pro

225

Pro

Cys

Trp

Glu

305

Asn

Gly

Glu

Tyr

Asn

385

Phe

Asn

Thr

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Glu

Thr

Thr

Pro

130

Val

Ala

Gly

Gly

Lys

210

Cys

Lys

Val

Tyr

Glu

290

His

Lys

Gln

Met

Pro

370

Asn

Leu

Val

Gln

Leu

Tyr

Val

115

Cys

Lys

Leu

Leu

Thr

195

Val

Pro

Pro

Val

Val

275

Gln

Gln

Gly

Pro

Thr

355

Ser

Tyr

Tyr

Phe

Lys
435

Ser

Phe

100

Ser

Ser

Asp

Thr

Tyr

180

Gln

Asp

Ala

Lys

Val

260

Asp

Phe

Asp

Leu

Arg

340

Lys

Asp

Lys

Ser

Ser

420

Ser

Arg

Ala

Ser

Arg

Tyr

Ser

165

Ser

Thr

Lys

Pro

Asp

245

Asp

Gly

Asn

Trp

Pro

325

Glu

Asn

Ile

Thr

Lys

405

Cys

Leu

SEQ ID NO 50
LENGTH:
TYPE: DNA
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Humanized 131R005/131R007 Heavy chain variable

351

Leu

Asn

Ala

Ser

Phe

150

Gly

Leu

Tyr

Thr

Pro

230

Thr

Val

Val

Ser

Leu

310

Ala

Pro

Gln

Ala

Thr

390

Leu

Ser

Ser

Arg

Asn

Ser

Thr

135

Pro

Val

Ser

Thr

Val

215

Val

Leu

Ser

Glu

Thr

295

Asn

Pro

Gln

Val

Val

375

Pro

Thr

Val

Leu

region nucleic acid

SEQUENCE :

50

Ser

Phe

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Ala

Met

His

Val

280

Phe

Gly

Ile

Val

Ser

360

Glu

Pro

Val

Met

Ser
440

Glu

Asp

105

Lys

Glu

Pro

Thr

Val

185

Asn

Arg

Gly

Ile

Glu

265

His

Arg

Lys

Glu

Tyr

345

Leu

Trp

Met

Asp

His

425

Pro

Asp

Tyr

Gly

Ser

Val

Phe

170

Val

Val

Lys

Pro

Ser

250

Asp

Asn

Val

Glu

Lys

330

Thr

Thr

Glu

Leu

Lys

410

Glu

Gly

Thr

Trp

Pro

Thr

Thr

155

Pro

Thr

Asp

Cys

Ser

235

Arg

Pro

Ala

Val

Tyr

315

Thr

Leu

Cys

Ser

Asp

395

Ser

Ala

Lys

Ala

Gly

Ser

Ala

140

Val

Ala

Val

His

Cys

220

Val

Thr

Glu

Lys

Ser

300

Lys

Ile

Pro

Leu

Asn

380

Ser

Arg

Leu

Val

Gln

Val

125

Ala

Ser

Val

Pro

Lys

205

Val

Phe

Pro

Val

Thr

285

Val

Cys

Ser

Pro

Val

365

Gly

Asp

Trp

His

Tyr

Gly

110

Phe

Leu

Trp

Leu

Ser

190

Pro

Glu

Leu

Glu

Gln

270

Lys

Leu

Lys

Lys

Ser

350

Lys

Gln

Gly

Gln

Asn
430

Tyr

95

Thr

Pro

Gly

Asn

Gln

175

Ser

Ser

Cys

Phe

Val

255

Phe

Pro

Thr

Val

Thr

335

Arg

Gly

Pro

Ser

Gln

415

His

Cys

Thr

Leu

Cys

Ser

160

Ser

Asn

Asn

Pro

Pro

240

Thr

Asn

Arg

Val

Ser

320

Lys

Glu

Phe

Glu

Phe

400

Gly

Tyr
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211 212

-continued
caagtccaat tggtccagag cggtgccgaa gtgaagaaac cgggagcttc cgtgaaagtg 60
agctgcaagg cttctggata caccttcact gactattcaa tccactgggt gagacaggca 120
cctggtcagg gactggagtg gattggatac atctacccct caaatgggga ctctggetac 180
aaccaaaagt tcaagaaccg ggtgactatg accagagata cctcaacatc tactgcctac 240
atggaactca gcaggctgcg ctcagaggac accgcagtgt attactgtgce cacctacttce 300
gctaataact tcgactattg ggggcagggc accaccctga ctgtcagetce a 351

<210> SEQ ID NO 51

<211> LENGTH: 351

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized 131R006A Heavy chain variable region
nucleic acid

<400> SEQUENCE: 51

caagtccaat tggtccagag cggtgecgaa gtgaagaaac cgggagette cgtgaaagtg 60
agctgcaagyg cttctggata caccttcact agetatacat tecactgggt gagacaggca 120
cctggtcagyg gactggagtg gattggatac atctacccet caaatgggga ctetggetac 180
aaccaaaagt tcaagaaccg ggtgactatg accagagata cctcaacatc tactgcctac 240
atggaactca gcaggctgeg ctcagaggac accgcagtgt attactgtge cacctactte 300
gctaataact tcgactattg ggggcaggge accaccctga ctgtcagete a 351

<210> SEQ ID NO 52

<211> LENGTH: 1389

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized 131R005/131R007 Heavy chain nucleic
acid

<400> SEQUENCE: 52

atgaagcatc tgtggttttt cctectectt gtegecgete cacgetgggt getttceccaa 60
gtccaattgg tccagagegg tgccgaagtyg aagaaaccgg gagctteegt gaaagtgage 120
tgcaaggctt ctggatacac cttcactgac tattcaatec actgggtgag acaggcacct 180
ggtcagggac tggagtggat tggatacatc tacccctcaa atggggactce tggctacaac 240
caaaagttca agaaccgggt gactatgacce agagatacct caacatctac tgcctacatg 300
gaactcagca ggctgcgete agaggacacc gcagtgtatt actgtgecac ctactteget 360
aataacttcg actattgggg gcagggcace accctgactg tcagctcage ctcaaccaag 420
ggccecteeyg tgttecctet ggeccccttge teccggteca cctetgagte taccgecget 480
ctgggetgee tggtgaagga ctactteect gagectgtga cegtgteetyg gaactcetgge 540
gecctgacct ctggegtgea cacctteect gecegtgetge agtecteegyg cctgtactec 600
ctgteccteeg tggtgaccegt gecttectee aactteggea cccagaccta cacctgcaac 660
gtggaccaca agccttccaa caccaaggtyg gacaagaccg tggagcggaa gtgetgegtg 720
gagtgcecte cttgtectge tectectgtyg getggecctt ctgtgttect gtteectect 780
aagcctaagyg acaccctgat gatctecegg acccctgaag tgacctgegt ggtggtggac 840
gtgtcccacyg aggaccctga ggtgcagtte aattggtacg tggacggegt ggaggtgeac 900

aacgccaaga ccaagecteg ggaggaacag ttcaactcca cetteegggt ggtgtetgtg 960
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214

ctgaccgtygyg
aagggcctge
cctecaggtet
acctgtetgg
cagcctgaga
ctgtactcca
tcegtgatge

ggcaagtga

tgcaccagga
ctgecectat
acaccetgec
tgaagggett
acaactacaa
agctgacagt

acgaggeect

<210> SEQ ID NO 53
<211> LENGTH: 1389

<212> TYPE:

DNA

ctggctgaac
cgaaaagacc
tcctagecgy
ctacccettee
gaccaccect
ggacaagtce

gcacaaccac

ggcaaagaat

atctctaaga

gaggaaatga

gatatcgecyg

cctatgetygyg

cggtggcagc

tacacccaga

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Humanized 131R006A

<400> SEQUENCE: 53

atgaagcatc

gtccaattgg

tgcaaggett

ggtcagggac

caaaagttca

gaactcagca

aataacttcg

ggccectecy

ctgggetgec

geectgaccet

ctgtecteceyg

gtggaccaca

gagtgcccte

aagcctaagg

gtgtcccacy

aacgccaaga

ctgaccgtygyg

aagggcctge

cctecaggtet

acctgtetgg

cagcctgaga

ctgtactcca

tcegtgatge

ggcaagtga

tgtggttttt

tccagagegyg

ctggatacac

tggagtggat

agaaccgggt

ggctgegete

actattgggg

tgttcectet

tggtgaagga

ctggegtgea

tggtgaccgt

agccttecaa

cttgtectge

acaccctgat

aggaccctga

ccaagecteg

tgcaccagga

ctgecectat

acaccetgec

tgaagggett

acaactacaa

agctgacagt

acgaggeect

<210> SEQ ID NO 54
<211> LENGTH: 1332

<212> TYPE:

DNA

cctectectt

tgccgaagtyg

cttcactage

tggatacatc

gactatgacc

agaggacacc

gcagggcace

ggceccettge

ctacttccect

cacctteect

gecttectee

caccaaggtyg

tcctectgty

gatctecegyg

ggtgcagtte

ggaggaacag

ctggctgaac

cgaaaagacc

tcctagecgy

ctacccttcec

gaccaccect

ggacaagtce

gcacaaccac

gtegeegete

aagaaaccgg

tatacattcc

tacccctcaa

agagatacct

gcagtgtatt

accctgactg

tcceggteca

gagcctgtga

geegtgetge

aacttecggca

gacaagaccyg

getggeccett

acccctgaag

aattggtacg

ttcaactcca

ggcaaagaat

atctctaaga

gaggaaatga

gatatcgecyg

cctatgetygyg

cggtggcagc

tacacccaga

<213> ORGANISM: Artificial sequence

acaagtgcaa ggtgtccaac 1020
ccaagggcca gcctcgcgag 1080
ccaagaacca ggtgtccctg 1140
tggagtggga gtctaacggc 1200
actccgacgg ctcecttette 1260
agggcaacgt gttctcctge 1320
agtccctgte cctgtetect 1380

1389

Heavy chain nucleic acid

cacgctgggt gctttcecccaa 60
gagcttcecgt gaaagtgagc 120
actgggtgag acaggcacct 180
atggggactc tggctacaac 240
caacatctac tgcctacatg 300
actgtgccac ctacttcget 360
tcagctcage ctcaaccaag 420
cctetgagte taccgecget 480
ccgtgtectyg gaactcectgge 540
agtccteegg cctgtactece 600
cccagaccta cacctgcaac 660

tggagcggaa gtgctgcgtg 720
ctgtgttect gttcectect 780
tgacctgegt ggtggtggac 840
tggacggcegt ggaggtgcac 900
cctteecgggt ggtgtetgtg 960
acaagtgcaa ggtgtccaac 1020
ccaagggcca gcctcgcgag 1080
ccaagaacca ggtgtccctg 1140
tggagtggga gtctaacggc 1200
actccgacgg ctcecttette 1260
agggcaacgt gttctcctge 1320
agtccctgte cctgtetect 1380

1389
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215 216

-continued

<220> FEATURE:
<223> OTHER INFORMATION: Humanized 131R005/131R007 Heavy chain nucleic
acid

<400> SEQUENCE: 54

caagtccaat tggtccagag cggtgecgaa gtgaagaaac cgggagette cgtgaaagtg 60
agctgcaagyg cttctggata caccttcact gactattcaa teccactgggt gagacaggca 120
cctggtcagyg gactggagtg gattggatac atctacccet caaatgggga ctetggetac 180
aaccaaaagt tcaagaaccg ggtgactatg accagagata cctcaacatc tactgcctac 240
atggaactca gcaggctgeg ctcagaggac accgcagtgt attactgtge cacctactte 300
gctaataact tcgactattg ggggcaggge accaccctga ctgtcagetce agectcaacc 360
aagggcccect cegtgttece tetggecect tgeteceggt ccacctetga gtcetaccegece 420
getetggget gectggtgaa ggactactte cctgagectg tgaccgtgte ctggaactet 480
ggcgeectga cctetggegt gecacacctte cctgeegtge tgcagtecte cggectgtac 540
tcecetgtect cegtggtgac cgtgecttee tccaactteg gecacccagac ctacacctge 600
aacgtggacc acaagectte caacaccaag gtggacaaga cegtggageg gaagtgetge 660
gtggagtgce ctecttgtec tgctectect gtggetggee cttetgtgtt cctgttecet 720
cctaagecta aggacaccct gatgatctee cggaccectg aagtgacetg cgtggtggtg 780
gacgtgtcee acgaggacce tgaggtgcag ttcaattggt acgtggacgyg cgtggaggtg 840
cacaacgcca agaccaagec tcgggaggaa cagttcaact ccaccttecg ggtggtgtet 900
gtgctgacceyg tggtgcacca ggactggcetyg aacggcaaag aatacaagtyg caaggtgtec 960
aacaagggcce tgectgeccee tatcgaaaag accatctcta agaccaaggg ccagectege 1020

gagectcagyg tctacaccct gectectage cgggaggaaa tgaccaagaa ccaggtgtec 1080
ctgacctgtce tggtgaaggg cttctaccct tccgatateg cecgtggagtg ggagtctaac 1140
ggccagccetyg agaacaacta caagaccacc cctcectatge tggactccga cggcectcectte 1200
ttectgtact ccaagctgac agtggacaag tcceggtgge agcagggcaa cgtgttcetcece 1260
tgctcegtga tgcacgaggce cctgcacaac cactacaccce agaagtccct gteccctgtet 1320
cctggcaagt ga 1332
<210> SEQ ID NO 55

<211> LENGTH: 1332

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized 131R006A Heavy chain - nucleic acid

<400> SEQUENCE: 55

caagtccaat tggtccagag cggtgecgaa gtgaagaaac cgggagette cgtgaaagtg 60
agctgcaagyg cttctggata caccttcact agetatacat tecactgggt gagacaggca 120
cctggtcagyg gactggagtg gattggatac atctacccet caaatgggga ctetggetac 180
aaccaaaagt tcaagaaccg ggtgactatg accagagata cctcaacatc tactgcctac 240
atggaactca gcaggctgeg ctcagaggac accgcagtgt attactgtge cacctactte 300
gctaataact tcgactattg ggggcaggge accaccctga ctgtcagetce agectcaacc 360
aagggcccect cegtgttece tetggecect tgeteceggt ccacctetga gtcetaccegece 420
getetggget gectggtgaa ggactactte cctgagectg tgaccgtgte ctggaactet 480

ggcgeectga cctetggegt gecacacctte cctgeegtge tgcagtecte cggectgtac 540
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218

-continued
tcectgtect ccegtggtgac cgtgcecttece tecaactteg gcacccagac ctacacctge 600
aacgtggacc acaagccttc caacaccaag gtggacaaga ccgtggageyg gaagtgetge 660
gtggagtgee ctecttgtee tgctectect gtggetggee cttetgtgtt cetgtteect 720
cctaagecta aggacaccct gatgatctee cggaccectyg aagtgacctyg cgtggtggtyg 780
gacgtgtcee acgaggacce tgaggtgcag ttcaattggt acgtggacgg cgtggaggtg 840
cacaacgcca agaccaagcc tcgggaggaa cagttcaact ccaccttecyg ggtggtgtcet 900
gtgctgaceyg tggtgcacca ggactggetg aacggcaaag aatacaagtg caaggtgtec 960
aacaagggce tgcctgecce tatcgaaaag accatctcta agaccaaggyg ccagectcge 1020
gagectcagyg tctacaccct gectectage cgggaggaaa tgaccaagaa ccaggtgtec 1080
ctgacctgtce tggtgaaggg cttctaccct tccgatateg cecgtggagtg ggagtctaac 1140
ggccagccetyg agaacaacta caagaccacc cctcectatge tggactccga cggcectcectte 1200
ttectgtact ccaagctgac agtggacaag tcceggtgge agcagggcaa cgtgttcetcece 1260
tgctcegtga tgcacgaggce cctgcacaac cactacaccce agaagtccct gteccctgtet 1320
cctggcaagt ga 1332

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 56
H: 330
PRT

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Human IgGl

<400> SEQUENCE: 56

Ala Ser Thr
1

Ser Thr Ser

Phe Pro Glu
35

Gly Val His

Leu Ser Ser
65

Tyr Ile Cys

Lys Val Glu

Pro Ala Pro
115

Lys Pro Lys
130

Val Val Val
145

Tyr Val Asp

Glu Gln Tyr

His Gln Asp

195

Lys Ala Leu

Lys Gly Pro Ser Val

Gly Gly Thr Ala Ala

20

Pro Val Thr Val Ser

40

Thr Phe Pro Ala Val

55

Val Val Thr Val Pro

70

Asn Val Asn His Lys

85

Pro Lys Ser Cys Asp

100

Glu Leu Leu Gly Gly

120

Asp Thr Leu Met Ile

135

Asp Val Ser His Glu
150

Gly Val Glu Val His

165

Asn Ser Thr Tyr Arg

180

Trp Leu Asn Gly Lys

200

Pro Ala Pro Ile Glu

Phe

Leu

25

Trp

Leu

Ser

Pro

Lys

105

Pro

Ser

Asp

Asn

Val
185

Glu

Lys

Heavy chain constan

Pro

10

Gly

Asn

Gln

Ser

Ser

90

Thr

Ser

Arg

Pro

Ala
170
Val

Tyr

Thr

Leu

Cys

Ser

Ser

Ser

75

Asn

His

Val

Thr

Glu

155

Lys

Ser

Lys

Ile

Ala Pro Ser
Leu Val Lys
30

Gly Ala Leu
45

Ser Gly Leu

Leu Gly Thr

Thr Lys Val

Thr Cys Pro
110

Phe Leu Phe
125

Pro Glu Val
140

Val Lys Phe

Thr Lys Pro

Val Leu Thr
190

Cys Lys Val
205

Ser Lys Ala

t region

Ser Lys
15

Asp Tyr

Thr Ser

Tyr Ser

Gln Thr

80

Asp Lys
95

Pro Cys

Pro Pro

Thr Cys

Asn Trp
160

Arg Glu
175
Val Leu

Ser Asn

Lys Gly
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220

Gln

225

Leu

Pro

Asn

Leu

305

Gln

<210>
<211>
<212>
<213>
<220>
<223>

210

Pro

Thr

Ser

Tyr

Tyr

290

Phe

Lys

Arg

Lys

Asp

Lys

275

Ser

Ser

Ser

Glu

Asn

Ile

260

Thr

Lys

Cys

Leu

PRT

<400> SEQUENCE:

Ala

1

Ser

Phe

Gly

Leu

65

Tyr

Thr

Pro

Thr

Ser

Leu

Ala

Pro

225

Gln

Ser

Thr

Pro

Val

50

Ser

Thr

Val

Val

Leu

130

Ser

Glu

Thr

Asn

Pro
210

Gln

Val

Thr

Ser

Glu

35

His

Ser

Cys

Glu

Ala

115

Met

His

Val

Phe

Gly
195
Ile

Val

Ser

Lys

Glu

20

Pro

Thr

Val

Asn

Arg

100

Gly

Ile

Glu

His

Arg

180

Lys

Glu

Tyr

Leu

Pro Gln
230

Gln Val
245

Ala Val

Thr Pro

Leu Thr

Ser Val

310

Ser Leu
325

SEQ ID NO 57
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Human IgG2

326

57

Gly Pro

Ser Thr

Val Thr

Phe Pro

Val Thr

70

Val Asp
85

Lys Cys

Pro Ser

Ser Arg

Asp Pro

150

Asn Ala
165

Val Val

Glu Tyr

Lys Thr

Thr Leu

230

Thr Cys

215

Val

Ser

Glu

Pro

Val

295

Met

Ser

Ser

Ala

Val

Ala

55

Val

His

Cys

Val

Thr

135

Glu

Lys

Ser

Lys

Ile
215

Pro

Leu

Tyr

Leu

Trp

Val

280

Asp

His

Pro

Val

Ala

Ser

40

Val

Pro

Lys

Val

Phe

120

Pro

Val

Thr

Val

Cys

200

Ser

Pro

Val

Thr

Thr

Glu

265

Leu

Lys

Glu

Gly

Phe

Leu

25

Trp

Leu

Ser

Pro

Glu

105

Leu

Glu

Gln

Lys

Leu

185

Lys

Lys

Ser

Lys

Leu

Cys

250

Ser

Asp

Ser

Ala

Lys
330

Pro

235

Leu

Asn

Ser

Arg

Leu
315

220

Pro

Val

Gly

Asp

Trp

300

His

Heavy chain

Pro

10

Gly

Asn

Gln

Ser

Ser

90

Cys

Phe

Val

Phe

Pro

170

Thr

Val

Thr

Arg

Gly

Leu

Cys

Ser

Ser

Asn

75

Asn

Pro

Pro

Thr

Asn

155

Arg

Val

Ser

Lys

Glu
235

Phe

Ala

Leu

Gly

Ser

60

Phe

Thr

Pro

Pro

Cys

140

Trp

Glu

Val

Asn

Gly
220

Glu

Tyr

Ser

Lys

Gln

Gly

285

Gln

Asn

Arg

Gly

Pro

270

Ser

Gln

His

Asp

Phe

255

Glu

Phe

Gly

Tyr

Glu

240

Tyr

Asn

Phe

Asn

Thr
320

constant region

Pro

Val

Ala

45

Gly

Gly

Lys

Cys

Lys

125

Val

Tyr

Glu

His

Lys

205

Gln

Met

Pro

Cys

Lys

30

Leu

Leu

Thr

Val

Pro

110

Pro

Val

Val

Gln

Gln

190

Gly

Pro

Thr

Ser

Ser

15

Asp

Thr

Tyr

Gln

Asp

Ala

Lys

Val

Asp

Phe

175

Asp

Leu

Arg

Lys

Asp

Arg

Tyr

Ser

Ser

Thr

80

Lys

Pro

Asp

Asp

Gly

160

Asn

Trp

Pro

Glu

Asn
240

Ile
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Ala

Thr

Leu

Ser

305

Ser

<210>
<211>
<212>
<213>
<220>
<223>

Val

Pro

Thr

290

Val

Leu

Glu

Pro

275

Val

Met

Ser

Trp

260

Met

Asp

His

Pro

PRT

<400> SEQUENCE:

Ala

1

Ser

Phe

Gly

Leu

65

Tyr

Arg

Arg

Cys

Pro

145

Ala

Pro

Gln
225
Gln

Ala

Pro

Ser

Thr

Pro

Val

Ser

Thr

Val

Cys

Pro

130

Glu

Pro

Lys

Val

Asp

210

Tyr

Asp

Leu

Arg

Thr

Ser

Glu

35

His

Ser

Cys

Glu

Pro

115

Glu

Pro

Glu

Asp

Asp

195

Gly

Asn

Trp

Pro

Glu

Lys

Gly

20

Pro

Thr

Val

Asn

Leu

100

Glu

Pro

Lys

Leu

Thr

180

Val

Val

Ser

Leu

Ala
260

Pro

245

Glu Ser

Leu Asp

Lys Ser

Glu Ala

310

Gly Lys
325

SEQ ID NO 58
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Human IgG3

377

58

Gly Pro

Gly Thr

Val Thr

Phe Pro

Val Thr
70

Val Asn
85

Lys Thr

Pro Lys

Lys Ser

Ser Cys
150

Leu Gly
165

Leu Met

Ser His

Glu Val

Thr Phe
230

Asn Gly
245

Pro Ile

Gln Val

Asn

Ser

Arg

295

Leu

Ser

Ala

Val

Ala

55

Val

His

Pro

Ser

Cys

135

Asp

Gly

Ile

Glu

His

215

Arg

Lys

Glu

Tyr

Gly
Asp
280

Trp

His

Val

Ala

Ser

40

Val

Pro

Lys

Leu

Cys

120

Asp

Thr

Pro

Ser

Asp

200

Asn

Val

Glu

Lys

Thr

Gln
265
Gly

Gln

Asn

Phe

Leu

25

Trp

Leu

Ser

Pro

Gly

105

Asp

Thr

Pro

Ser

Arg

185

Pro

Ala

Val

Tyr

Thr
265

Leu

250

Pro

Ser

Gln

His

Glu Asn

Phe Phe

Gly Asn
300

Tyr Thr
315

Heavy chain

Pro

10

Gly

Asn

Gln

Ser

Ser

90

Asp

Thr

Pro

Pro

Val

170

Thr

Glu

Lys

Ser

Lys
250

Ile

Pro

Leu Ala

Cys Leu

Ser Gly

Ser Ser

Ser Leu

75

Asn Thr

Thr Thr

Pro Pro

Pro Pro

140

Pro Cys
155

Phe Leu

Pro Glu

Val Gln

Thr Lys
220

Val Leu
235
Cys Lys

Ser Lys

Pro Ser

Asn

Leu

285

Val

Gln

Tyr
270
Tyr

Phe

Lys

255

Lys

Ser

Ser

Ser

Thr

Lys

Cys

Leu
320

constant region

Pro

Val

Ala

45

Gly

Gly

Lys

His

Pro

125

Cys

Pro

Phe

Val

Phe

205

Pro

Thr

Val

Thr

Arg

Cys

Lys

30

Leu

Leu

Thr

Val

Thr

110

Cys

Pro

Arg

Pro

Thr

190

Lys

Arg

Val

Ser

Lys
270

Glu

Ser

15

Asp

Thr

Tyr

Gln

Asp

95

Cys

Pro

Arg

Cys

Pro

175

Cys

Trp

Glu

Leu

Asn
255

Gly

Glu

Arg

Tyr

Ser

Ser

Thr

80

Lys

Pro

Arg

Cys

Pro

160

Lys

Val

Tyr

Glu

His

240

Lys

Gln

Met
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-continued

224

Thr

Ser

305

Tyr

Tyr

Phe

Lys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Lys

290

Asp

Asn

Ser

Ser

Ser
370

275

Asn

Ile

Thr

Lys

Cys

355

Leu

Gln

Ala

Thr

Leu

340

Ser

Ser

PRT

SEQUENCE :

Ala Ser Thr Lys

1

Ser

Phe

Gly

Leu

65

Tyr

Arg

Glu

Asp

Asp

145

Gly

Asn

Trp

Pro

Glu
225

Asn

Ile

Thr

Pro

Val

50

Ser

Thr

Val

Phe

Thr

130

Val

Val

Ser

Leu

Ser

210

Pro

Gln

Ala

Ser

Glu

35

His

Ser

Cys

Glu

Leu

115

Leu

Ser

Glu

Thr

Asn

195

Ser

Gln

Val

Val

Glu

20

Pro

Thr

Val

Asn

Ser

100

Gly

Met

Gln

Val

Tyr

180

Gly

Ile

Val

Ser

Glu

Val

Val

Pro

325

Thr

Val

Leu

SEQ ID NO 59
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Human IgG4

327

59

Gly

5

Ser

Val

Phe

Val

Val

85

Lys

Gly

Ile

Glu

His

165

Arg

Lys

Glu

Tyr

Leu
245

Trp

Ser

Glu

310

Pro

Val

Met

Ser

Pro

Thr

Thr

Pro

Thr

70

Asp

Tyr

Pro

Ser

Asp

150

Asn

Val

Glu

Lys

Thr
230

Thr

Glu

Leu

295

Trp

Met

Asp

His

Pro
375

Ser

Ala

Val

Ala

55

Val

His

Gly

Ser

Arg

135

Pro

Ala

Val

Tyr

Thr
215
Leu

Cys

Ser

280

Thr

Glu

Leu

Lys

Glu

360

Gly

Val

Ala

Ser

40

Val

Pro

Lys

Pro

Val

120

Thr

Glu

Lys

Ser

Lys

200

Ile

Pro

Leu

Asn

Cys

Ser

Asp

Ser

345

Ala

Lys

Phe

Leu

25

Trp

Leu

Ser

Pro

Pro

105

Phe

Pro

Val

Thr

Val

185

Cys

Ser

Pro

Val

Gly

Leu

Ser

Ser

330

Arg

Leu

Val

Gly

315

Asp

Trp

His

Lys

300

Gln

Gly

Gln

Asn

Heavy chain

Pro

10

Gly

Asn

Gln

Ser

Ser

90

Cys

Leu

Glu

Gln

Lys

170

Leu

Lys

Lys

Ser

Lys
250

Gln

Leu

Cys

Ser

Ser

Ser

75

Asn

Pro

Phe

Val

Phe

155

Pro

Thr

Val

Ala

Gln
235

Gly

Pro

Ala

Leu

Gly

Ser

60

Leu

Thr

Ser

Pro

Thr

140

Asn

Arg

Val

Ser

Lys
220
Glu

Phe

Glu

285

Gly

Pro

Ser

Gln

Arg
365

Phe

Glu

Phe

Gly

350

Phe

Tyr

Asn

Phe

335

Asn

Thr

Pro

Asn

320

Leu

Ile

Gln

constant region

Pro

Val

Ala

45

Gly

Gly

Lys

Cys

Pro

125

Cys

Trp

Glu

Leu

Asn

205

Gly

Glu

Tyr

Asn

Cys

Lys

30

Leu

Leu

Thr

Val

Pro

110

Lys

Val

Tyr

Glu

His

190

Lys

Gln

Met

Pro

Asn

Ser

15

Asp

Thr

Tyr

Lys

Asp

95

Ala

Pro

Val

Val

Gln

175

Gln

Gly

Pro

Thr

Ser
255

Tyr

Arg

Tyr

Ser

Ser

Thr

80

Lys

Pro

Lys

Val

Asp

160

Phe

Asp

Leu

Arg

Lys

240

Asp

Lys
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226

-continued
260 265 270
Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
275 280 285
Arg Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser
290 295 300

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
305 310 315 320
Leu Ser Leu Ser Leu Gly Lys

325
<210> SEQ ID NO 60
<211> LENGTH: 326
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Human IgG2 Heavy chain constant region (1324

Chain wvariant)

<400> SEQUENCE:

Ala

1

Ser

Phe

Gly

Leu

65

Tyr

Thr

Pro

Thr

Ser

Leu

Ala

Pro

225

Gln

Ala

Thr

Ser

Thr

Pro

Val

Ser

Thr

Val

Val

Leu

130

Ser

Glu

Thr

Asn

Pro

210

Gln

Val

Val

Pro

Thr

Ser

Glu

35

His

Ser

Cys

Glu

Ala

115

Met

His

Val

Phe

Gly

195

Ile

Val

Ser

Glu

Pro
275

Lys

Glu

20

Pro

Thr

Val

Asn

Arg

100

Gly

Ile

Glu

His

Arg

180

Lys

Glu

Tyr

Leu

Trp
260

Met

60

Gly Pro

Ser Thr

Val Thr

Phe Pro

Val Thr
70

Val Asp
85

Lys Cys

Pro Ser

Ser Arg

Asp Pro
150

Asn Ala
165

Val Val

Glu Tyr

Lys Thr

Thr Leu
230

Thr Cys
245

Glu Ser

Leu Lys

Ser

Ala

Val

Ala

55

Val

His

Cys

Val

Thr

135

Glu

Lys

Ser

Lys

Ile

215

Pro

Leu

Asn

Ser

Val

Ala

Ser

40

Val

Pro

Lys

Val

Phe

120

Pro

Val

Thr

Val

Cys

200

Ser

Pro

Val

Gly

Asp
280

Phe

Leu

25

Trp

Leu

Ser

Pro

Glu

105

Leu

Glu

Gln

Lys

Leu

185

Lys

Lys

Ser

Lys

Gln
265

Gly

Pro

10

Gly

Asn

Gln

Ser

Ser

90

Cys

Phe

Val

Phe

Pro

170

Thr

Val

Thr

Arg

Gly

250

Pro

Ser

Leu

Cys

Ser

Ser

Asn

75

Asn

Pro

Pro

Thr

Asn

155

Arg

Val

Ser

Lys

Glu

235

Phe

Glu

Phe

Ala

Leu

Gly

Ser

Phe

Thr

Pro

Pro

Cys

140

Trp

Glu

Val

Asn

Gly

220

Lys

Tyr

Asn

Phe

Pro

Val

Ala

45

Gly

Gly

Lys

Cys

Lys

125

Val

Tyr

Glu

His

Lys

205

Gln

Met

Pro

Asn

Leu
285

Cys

Lys

30

Leu

Leu

Thr

Val

Pro

110

Pro

Val

Val

Gln

Gln

190

Gly

Pro

Thr

Ser

Tyr

270

Tyr

Ser

15

Asp

Thr

Tyr

Gln

Asp

95

Ala

Lys

Val

Asp

Phe

175

Asp

Leu

Arg

Lys

Asp

255

Lys

Ser

Arg

Tyr

Ser

Ser

Thr

80

Lys

Pro

Asp

Asp

Gly

160

Asn

Trp

Pro

Glu

Asn
240
Ile

Thr

Lys
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-continued

228

Leu

Ser
305

<210>
<211>
<212>
<213>
<220>
<223>

Thr
290

Val

Leu

Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys

295

300

Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu

310

Ser Pro Gly Lys

PRT

325

SEQ ID NO 61
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Human IgG2

326

Chain wvariant)

<400> SEQUENCE:

Ala

1

Ser

Phe

Gly

Leu

65

Tyr

Thr

Pro

Thr

Ser

Leu

Ala

Pro

225

Gln

Ala

Thr

Leu

Ser
305

Ser

Thr

Pro

Val

50

Ser

Thr

Val

Val

Leu

130

Ser

Glu

Thr

Asn

Pro

210

Gln

Val

Val

Pro

Thr
290

Val

Thr

Ser

Glu

35

His

Ser

Cys

Glu

Ala

115

Met

His

Val

Phe

Gly

195

Ile

Val

Ser

Glu

Pro
275

Val

Met

Lys

Glu

20

Pro

Thr

Val

Asn

Arg

100

Gly

Ile

Glu

His

Arg

180

Lys

Glu

Tyr

Leu

Trp
260
Met

Asp

His

61

Gly Pro
5

Ser Thr

Val Thr

Phe Pro

Val Thr
70

Val Asp
85

Lys Cys

Pro Ser

Ser Arg

Asp Pro

150

Asn Ala
165

Val Val

Glu Tyr

Lys Thr

Thr Leu

230

Thr Cys

245

Glu Ser

Leu Asp

Lys Ser

Glu Ala
310

Ser

Ala

Val

Ala

55

Val

His

Cys

Val

Thr

135

Glu

Lys

Ser

Lys

Ile

215

Pro

Leu

Asn

Ser

Arg
295

Leu

Val

Ala

Ser

40

Val

Pro

Lys

Val

Phe

120

Pro

Val

Thr

Val

Cys

200

Ser

Pro

Val

Gly

Asp

280

Trp

His

Phe

Leu

25

Trp

Leu

Ser

Pro

Glu

105

Leu

Glu

Gln

Lys

Leu

185

Lys

Lys

Ser

Glu

Gln
265
Gly

Gln

Asn

315

Heavy chain

Pro

10

Gly

Asn

Gln

Ser

Ser

90

Cys

Phe

Val

Phe

Pro

170

Thr

Val

Thr

Arg

Gly

250

Pro

Ser

Gln

His

Leu

Cys

Ser

Ser

Asn

75

Asn

Pro

Pro

Thr

Asn

155

Arg

Val

Ser

Lys

Glu

235

Phe

Glu

Phe

Gly

Tyr
315

Ala

Leu

Gly

Ser

60

Phe

Thr

Pro

Pro

Cys

140

Trp

Glu

Val

Asn

Gly

220

Glu

Tyr

Asn

Phe

Asn
300

Thr

320

constant region

Pro

Val

Ala

45

Gly

Gly

Lys

Cys

Lys

125

Val

Tyr

Glu

His

Lys

205

Gln

Met

Pro

Asn

Leu
285

Val

Gln

Cys

Lys

30

Leu

Leu

Thr

Val

Pro

110

Pro

Val

Val

Gln

Gln

190

Gly

Pro

Thr

Ser

Tyr
270
Tyr

Phe

Lys

Ser

15

Asp

Thr

Tyr

Gln

Asp

Ala

Lys

Val

Asp

Phe

175

Asp

Leu

Arg

Lys

Asp

255

Lys

Ser

Ser

Ser

Arg

Tyr

Ser

Ser

Thr

80

Lys

Pro

Asp

Asp

Gly

160

Asn

Trp

Pro

Glu

Asn

240

Ile

Thr

Glu

Cys

Leu
320

(13B
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229

-continued

230

Ser

Leu Ser Pro Gly Lys
325

<210> SEQ ID NO 62

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized 131R006B Heavy chain variable region

<400> SEQUENCE: 62

Gly

Lys
65

Ala

Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
20 25 30

Ile His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Ile
35 40 45

Tyr Ile Tyr Pro Ser Asn Gly Asp Ser Gly Tyr Asn Gln Lys Phe
50 55 60

Asn Arg Val Thr Met Thr Val Asp Thr Ser Tyr Ser Thr Ala Tyr
70 75 80

Glu Leu Ser Arg Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Thr Tyr Phe Ala Asn Asn Phe Asp Tyr Trp Gly Gln Gly Thr Thr
100 105 110

Thr Val Ser Ser
115

<210> SEQ ID NO 63

<211> LENGTH: 462

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized 131R006B Heavy chain

<400> SEQUENCE: 63

Met

1

Val

Pro

Thr

Glu

65

Gln

Thr

Tyr

Gly

Phe
145

Leu

Lys His Leu Trp Phe Phe Leu Leu Leu Val Ala Ala Pro Arg Trp
5 10 15

Leu Ser Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys
20 25 30

Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe
35 40 45

Asp Tyr Ser Ile His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu

Trp Ile Gly Tyr Ile Tyr Pro Ser Asn Gly Asp Ser Gly Tyr Asn
70 75 80

Lys Phe Lys Asn Arg Val Thr Met Thr Val Asp Thr Ser Tyr Ser
85 90 95

Ala Tyr Met Glu Leu Ser Arg Leu Arg Ser Glu Asp Thr Ala Val
100 105 110

Tyr Cys Ala Thr Tyr Phe Ala Asn Asn Phe Asp Tyr Trp Gly Gln
115 120 125

Thr Thr Leu Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
130 135 140

Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala
150 155 160

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
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-continued

232

Trp

Leu

Ser

Pro

225

Glu

Leu

Glu

Gln

Lys

305

Leu

Lys

Lys

Ser

Lys

385

Gln

Gly

Gln

Asn

<210>
<211>
<212>
<213>
<220>
<223>

Asn

Gln

Ser

210

Ser

Cys

Phe

Val

Phe

290

Pro

Thr

Val

Thr

Arg

370

Gly

Pro

Ser

Gln

His
450

Ser

Ser

195

Asn

Asn

Pro

Pro

Thr

275

Asn

Arg

Val

Ser

Lys

355

Glu

Phe

Glu

Phe

Gly

435

Tyr

Gly

180

Ser

Phe

Thr

Pro

Pro

260

Cys

Trp

Glu

Val

Asn

340

Gly

Glu

Tyr

Asn

Phe

420

Asn

Thr

PRT

<400> SEQUENCE:

165

Ala

Gly

Gly

Lys

Cys

245

Lys

Val

Tyr

Glu

His

325

Lys

Gln

Met

Pro

Asn

405

Leu

Val

Gln

SEQ ID NO 64
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Humanized 131R006B

443

64

Gln Val Gln Leu Val

1

Gly

Lys

Val

Ile

Tyr

50

Asn

Lys

His

35

Ile

Arg

Val

20

Trp

Tyr

Val

5

Ser

Val

Pro

Thr

Leu

Leu

Thr

Val

230

Pro

Pro

Val

Val

Gln

310

Gln

Gly

Pro

Thr

Ser

390

Tyr

Tyr

Phe

Lys

Gln

Cys

Arg

Ser

Met

Thr

Tyr

Gln

215

Asp

Ala

Lys

Val

Asp

295

Phe

Asp

Leu

Arg

Lys

375

Asp

Lys

Ser

Ser

Ser
455

Ser

Lys

Gln

Asn

55

Thr

Ser

Ser

200

Thr

Lys

Pro

Asp

Asp

280

Gly

Asn

Trp

Pro

Glu

360

Asn

Ile

Thr

Lys

Cys

440

Leu

Gly

Ala

Ala

40

Gly

Val

Gly

185

Leu

Tyr

Thr

Pro

Thr

265

Val

Val

Ser

Leu

Ala

345

Pro

Gln

Ala

Thr

Leu

425

Ser

Ser

Ala

Ser

25

Pro

Asp

Asp

170

Val His

Ser Ser

Thr Cys

Val Glu

235

Val Ala
250
Leu Met
Ser His
Glu Vval
Thr Phe
315
Asn Gly
330
Pro Ile
Gln Val
Val Ser
Val Glu

395
Pro Pro
410
Thr Val

Val Met

Leu Ser

Glu Vval

10

Gly Tyr

Gly Gln

Ser Gly

Thr Ser

Thr

Val

Asn

220

Arg

Gly

Ile

Glu

His

300

Arg

Lys

Glu

Tyr

Leu

380

Trp

Met

Asp

His

Pro
460

Phe

Val

205

Val

Lys

Pro

Ser

Asp

285

Asn

Val

Glu

Lys

Thr

365

Thr

Glu

Leu

Lys

Glu

445

Gly

Pro

190

Thr

Asp

Cys

Ser

Arg

270

Pro

Ala

Val

Tyr

Thr

350

Leu

Cys

Ser

Asp

Ser

430

Ala

Lys

Heavy chain

Lys

Thr

Gly

Tyr

60

Tyr

Lys

Phe

Leu

45

Asn

Ser

Pro

Thr

30

Glu

Gln

Thr

175

Ala

Val

His

Cys

Val

255

Thr

Glu

Lys

Ser

Lys

335

Ile

Pro

Leu

Asn

Ser

415

Arg

Leu

Gly

15

Asp

Trp

Lys

Ala

Val

Pro

Lys

Val

240

Phe

Pro

Val

Thr

Val

320

Cys

Ser

Pro

Val

Gly

400

Asp

Trp

His

Ala

Tyr

Ile

Phe

Tyr
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-continued

234

65

Met

Ala

Leu

Ala

Leu

145

Gly

Ser

Phe

Thr

Pro

225

Pro

Cys

Trp

Glu

305

Asn

Gly

Glu

Tyr

Asn

385

Phe

Asn

Thr

<210>
<211>
<212>
<213>
<220>
<223>

Glu

Thr

Thr

Pro

130

Val

Ala

Gly

Gly

Lys

210

Cys

Lys

Val

Tyr

Glu

290

His

Lys

Gln

Met

Pro

370

Asn

Leu

Val

Gln

Leu

Tyr

Val

115

Cys

Lys

Leu

Leu

Thr

195

Val

Pro

Pro

Val

Val

275

Gln

Gln

Gly

Pro

Thr

355

Ser

Tyr

Tyr

Phe

Lys
435

Ser

Phe

100

Ser

Ser

Asp

Thr

Tyr

180

Gln

Asp

Ala

Lys

Val

260

Asp

Phe

Asp

Leu

Arg

340

Lys

Asp

Lys

Ser

Ser
420

Ser

Arg

85

Ala

Ser

Arg

Tyr

Ser

165

Ser

Thr

Lys

Pro

Asp

245

Asp

Gly

Asn

Trp

Pro

325

Glu

Asn

Ile

Thr

Lys

405

Cys

Leu

SEQ ID NO 65
LENGTH:
TYPE: DNA
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Humanized 131R006B Heavy chain variable region

351

nucleic acid

70

Leu

Asn

Ala

Ser

Phe

150

Gly

Leu

Tyr

Thr

Pro

230

Thr

Val

Val

Ser

Leu

310

Ala

Pro

Gln

Ala

Thr

390

Leu

Ser

Ser

Arg

Asn

Ser

Thr

135

Pro

Val

Ser

Thr

Val

215

Val

Leu

Ser

Glu

Thr

295

Asn

Pro

Gln

Val

Val

375

Pro

Thr

Val

Leu

Ser

Phe

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Ala

Met

His

Val

280

Phe

Gly

Ile

Val

Ser

360

Glu

Pro

Val

Met

Ser
440

Glu

Asp

105

Lys

Glu

Pro

Thr

Val

185

Asn

Arg

Gly

Ile

Glu

265

His

Arg

Lys

Glu

Tyr

345

Leu

Trp

Met

Asp

His

425

Pro

Asp

90

Tyr

Gly

Ser

Val

Phe

170

Val

Val

Lys

Pro

Ser

250

Asp

Asn

Val

Glu

Lys

330

Thr

Thr

Glu

Leu

Lys

410

Glu

Gly

75

Thr

Trp

Pro

Thr

Thr

155

Pro

Thr

Asp

Cys

Ser

235

Arg

Pro

Ala

Val

Tyr

315

Thr

Leu

Cys

Ser

Asp

395

Ser

Ala

Lys

Ala

Gly

Ser

Ala

140

Val

Ala

Val

His

Cys

220

Val

Thr

Glu

Lys

Ser

300

Lys

Ile

Pro

Leu

Asn

380

Ser

Arg

Leu

Val

Gln

Val

125

Ala

Ser

Val

Pro

Lys

205

Val

Phe

Pro

Val

Thr

285

Val

Cys

Ser

Pro

Val

365

Gly

Asp

Trp

His

Tyr

Gly

110

Phe

Leu

Trp

Leu

Ser

190

Pro

Glu

Leu

Glu

Gln

270

Lys

Leu

Lys

Lys

Ser

350

Lys

Gln

Gly

Gln

Asn
430

Tyr

95

Thr

Pro

Gly

Asn

Gln

175

Ser

Ser

Cys

Phe

Val

255

Phe

Pro

Thr

Val

Thr

335

Arg

Gly

Pro

Ser

Gln

415

His

80

Cys

Thr

Leu

Cys

Ser

160

Ser

Asn

Asn

Pro

Pro

240

Thr

Asn

Arg

Val

Ser

320

Lys

Glu

Phe

Glu

Phe

400

Gly

Tyr
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-continued

<400> SEQUENCE: 65

caagtccaat tggtccagag cggtgccgaa gtgaagaaac cgggagcttc cgtgaaagtg 60
agctgcaagg cttctggata caccttcact gactattcaa tccactgggt gagacaggca 120
cctggtcagg gactggagtg gattggatac atctacccct caaatgggga ctctggetac 180
aaccaaaagt tcaagaaccg ggtgactatg accgtggata cctcatactc tactgcctac 240
atggaactca gcaggctgcg ctcagaggac accgcagtgt attactgtgce cacctacttce 300
gctaataact tcgactattg ggggcagggc accaccctga ctgtcagetce a 351

<210> SEQ ID NO 66

<211> LENGTH: 1389

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized 131R006B Heavy chain nucleic acid

<400> SEQUENCE: 66

atgaagcatc tgtggttttt cctectectt gtegecgete cacgetgggt getttceccaa 60
gtccaattgg tccagagegg tgccgaagtyg aagaaaccgg gagctteegt gaaagtgage 120
tgcaaggctt ctggatacac cttcactgac tattcaatec actgggtgag acaggcacct 180
ggtcagggac tggagtggat tggatacatc tacccctcaa atggggactce tggctacaac 240
caaaagttca agaaccgggt gactatgacce gtggatacct catactctac tgcctacatg 300
gaactcagca ggctgcgete agaggacacc gcagtgtatt actgtgecac ctactteget 360
aataacttcg actattgggg gcagggcace accctgactg tcagctcage ctcaaccaag 420
ggccecteeyg tgttecctet ggeccccttge teccggteca cctetgagte taccgecget 480
ctgggetgee tggtgaagga ctactteect gagectgtga cegtgteetyg gaactcetgge 540
gecctgacct ctggegtgea cacctteect gecegtgetge agtecteegyg cctgtactec 600
ctgteccteeg tggtgaccegt gecttectee aactteggea cccagaccta cacctgcaac 660
gtggaccaca agccttccaa caccaaggtyg gacaagaccg tggagcggaa gtgetgegtg 720
gagtgcecte cttgtectge tectectgtyg getggecctt ctgtgttect gtteectect 780
aagcctaagyg acaccctgat gatctecegg acccctgaag tgacctgegt ggtggtggac 840
gtgtcccacyg aggaccctga ggtgcagtte aattggtacg tggacggegt ggaggtgeac 900
aacgccaaga ccaagecteg ggaggaacag ttcaactcca cetteegggt ggtgtetgtg 960

ctgaccgtgg tgcaccagga ctggctgaac ggcaaagaat acaagtgcaa ggtgtccaac 1020
aagggectge ctgccectat cgaaaagacce atctctaaga ccaagggceca gcctegegag 1080
cctcaggtcet acaccctgec tectagecgg gaggaaatga ccaagaacca ggtgtcecectg 1140
acctgtetgg tgaagggctt ctacccttcee gatatcgecg tggagtggga gtctaacggce 1200
cagcctgaga acaactacaa gaccacccct cctatgetgg actccgacgg ctecttette 1260
ctgtactcca agctgacagt ggacaagtcce cggtggcagce agggcaacgt gttctcectgce 1320
tcegtgatge acgaggccect gcacaaccac tacacccaga agtcecctgte ccetgtcectect 1380
ggcaagtga 1389
<210> SEQ ID NO 67

<211> LENGTH: 1332

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
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237 238

-continued

<223> OTHER INFORMATION: Humanized 131R006B Heavy chain nucleic acid

<400> SEQUENCE: 67

caagtccaat tggtccagag cggtgecgaa gtgaagaaac cgggagette cgtgaaagtg 60
agctgcaagyg cttctggata caccttcact gactattcaa teccactgggt gagacaggca 120
cctggtcagyg gactggagtg gattggatac atctacccet caaatgggga ctetggetac 180
aaccaaaagt tcaagaaccg ggtgactatg accgtggata cctcatacte tactgectac 240
atggaactca gcaggctgeg ctcagaggac accgcagtgt attactgtge cacctactte 300
gctaataact tcgactattg ggggcaggge accaccctga ctgtcagetce agectcaacc 360
aagggcccect cegtgttece tetggecect tgeteceggt ccacctetga gtcetaccegece 420
getetggget gectggtgaa ggactactte cctgagectg tgaccgtgte ctggaactet 480
ggcgeectga cctetggegt gecacacctte cctgeegtge tgcagtecte cggectgtac 540
tcecetgtect cegtggtgac cgtgecttee tccaactteg gecacccagac ctacacctge 600
aacgtggacc acaagectte caacaccaag gtggacaaga cegtggageg gaagtgetge 660
gtggagtgce ctecttgtec tgctectect gtggetggee cttetgtgtt cctgttecet 720
cctaagecta aggacaccct gatgatctee cggaccectg aagtgacetg cgtggtggtg 780
gacgtgtcee acgaggacce tgaggtgcag ttcaattggt acgtggacgyg cgtggaggtg 840
cacaacgcca agaccaagec tcgggaggaa cagttcaact ccaccttecg ggtggtgtet 900
gtgctgacceyg tggtgcacca ggactggcetyg aacggcaaag aatacaagtyg caaggtgtec 960
aacaagggcce tgectgeccee tatcgaaaag accatctcta agaccaaggg ccagectege 1020

gagectcagyg tctacaccct gectectage cgggaggaaa tgaccaagaa ccaggtgtec 1080
ctgacctgtce tggtgaaggg cttctaccct tccgatateg cecgtggagtg ggagtctaac 1140
ggccagccetyg agaacaacta caagaccacc cctcectatge tggactccga cggcectcectte 1200
ttectgtact ccaagctgac agtggacaag tcceggtgge agcagggcaa cgtgttcetcece 1260
tgctcegtga tgcacgaggce cctgcacaac cactacaccce agaagtccct gteccctgtet 1320
cctggcaagt ga 1332
<210> SEQ ID NO 68

<211> LENGTH: 466

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized 131R008/131R010 Heavy chain (IgGl)

<400> SEQUENCE: 68

Met Lys His Leu Trp Phe Phe Leu Leu Leu Val Ala Ala Pro Arg Trp
1 5 10 15

Val Leu Ser Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys
20 25 30

Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe
35 40 45

Thr Asp Tyr Ser Ile His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu
50 55 60

Glu Trp Ile Gly Tyr Ile Tyr Pro Ser Asn Gly Asp Ser Gly Tyr Asn
65 70 75 80

Gln Lys Phe Lys Asn Arg Val Thr Met Thr Arg Asp Thr Ser Thr Ser
85 90 95

Thr Ala Tyr Met Glu Leu Ser Arg Leu Arg Ser Glu Asp Thr Ala Val
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240

Tyr

Gly

Phe

145

Leu

Trp

Leu

Ser

Pro

225

Lys

Pro

Ser

Asp

Asn

305

Glu

Lys

Thr

Thr

385

Glu

Leu

Lys

Glu

Gly
465

<210>
<211>
<212>
<213>
<220>
<223>

Tyr

Thr

130

Pro

Gly

Asn

Gln

Ser

210

Ser

Thr

Ser

Arg

Pro

290

Ala

Val

Tyr

Thr

Leu

370

Cys

Ser

Asp

Ser

Ala
450

Lys

Cys

115

Thr

Leu

Cys

Ser

Ser

195

Ser

Asn

His

Val

Thr

275

Glu

Lys

Ser

Lys

Ile

355

Pro

Leu

Asn

Ser

Arg

435

Leu

100

Ala

Leu

Ala

Leu

Gly

180

Ser

Leu

Thr

Thr

Phe

260

Pro

Val

Thr

Val

Cys

340

Ser

Pro

Val

Gly

Asp

420

Trp

His

PRT

Thr

Thr

Pro

Val

165

Ala

Gly

Gly

Lys

Cys

245

Leu

Glu

Lys

Lys

Leu

325

Lys

Lys

Ser

Lys

Gln

405

Gly

Gln

Asn

SEQ ID NO 69
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Humanized 131R008/131R010 Heavy chain (IgGl)

447

Tyr

Val

Ser

150

Lys

Leu

Leu

Thr

Val

230

Pro

Phe

Val

Phe

Pro

310

Thr

Val

Ala

Arg

Gly

390

Pro

Ser

Gln

His

Phe

Ser

135

Ser

Asp

Thr

Tyr

Gln

215

Asp

Pro

Pro

Thr

Asn

295

Arg

Val

Ser

Lys

Glu

375

Phe

Glu

Phe

Gly

Tyr
455

Ala

120

Ser

Lys

Tyr

Ser

Ser

200

Thr

Lys

Cys

Pro

Cys

280

Trp

Glu

Leu

Asn

Gly

360

Glu

Tyr

Asn

Phe

Asn

440

Thr

105

Asn

Ala

Ser

Phe

Gly

185

Leu

Tyr

Arg

Pro

Lys

265

Val

Tyr

Glu

His

Lys

345

Gln

Met

Pro

Asn

Leu

425

Val

Gln

Asn

Ser

Thr

Pro

170

Val

Ser

Ile

Val

Ala

250

Pro

Val

Val

Gln

Gln

330

Ala

Pro

Thr

Ser

Tyr

410

Tyr

Phe

Lys

Phe

Thr

Ser

155

Glu

His

Ser

Cys

Glu

235

Pro

Lys

Val

Asp

Tyr

315

Asp

Leu

Arg

Lys

Asp

395

Lys

Ser

Ser

Ser

Asp

Lys

140

Gly

Pro

Thr

Val

Asn

220

Pro

Glu

Asp

Asp

Gly

300

Asn

Trp

Pro

Glu

Asn

380

Ile

Thr

Lys

Cys

Leu
460

Tyr

125

Gly

Gly

Val

Phe

Val

205

Val

Lys

Leu

Thr

Val

285

Val

Ser

Leu

Ala

Pro

365

Gln

Ala

Thr

Leu

Ser

445

Ser

110

Trp

Pro

Thr

Thr

Pro

190

Thr

Asn

Ser

Leu

Leu

270

Ser

Glu

Thr

Asn

Pro

350

Gln

Val

Val

Pro

Thr

430

Val

Leu

Gly

Ser

Ala

Val

175

Ala

Val

His

Cys

Gly

255

Met

His

Val

Tyr

Gly

335

Ile

Val

Ser

Glu

Pro

415

Val

Met

Ser

Gln

Val

Ala

160

Ser

Val

Pro

Lys

Asp

240

Gly

Ile

Glu

His

Arg

320

Lys

Glu

Tyr

Leu

Trp

400

Val

Asp

His

Pro
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242

<400> SEQUENCE:

Gln Val Gln Leu

1

Ser

Ser

Gly

Lys

65

Met

Ala

Leu

Ala

Leu

145

Gly

Ser

Leu

Thr

Thr

225

Phe

Pro

Thr

305

Cys

Ser

Pro

Gly
385

Asp

Val

Ile

Tyr

50

Asn

Glu

Thr

Thr

Pro

130

Val

Ala

Gly

Gly

Lys

210

Cys

Leu

Glu

Lys

Lys

290

Leu

Lys

Lys

Ser

Lys
370

Gln

Gly

Lys

His

35

Ile

Arg

Leu

Tyr

Val

115

Ser

Lys

Leu

Leu

Thr

195

Val

Pro

Phe

Val

Phe

275

Pro

Thr

Val

Ala

Arg
355
Gly

Pro

Ser

Val

20

Trp

Tyr

Val

Ser

Phe

100

Ser

Ser

Asp

Thr

Tyr

180

Gln

Asp

Pro

Pro

Thr

260

Asn

Arg

Val

Ser

Lys

340

Glu

Phe

Glu

Phe

Val

Ser

Val

Pro

Thr

Arg

85

Ala

Ser

Lys

Tyr

Ser

165

Ser

Thr

Lys

Cys

Pro

245

Cys

Trp

Glu

Leu

Asn

325

Gly

Glu

Tyr

Asn

Phe
405

Gln

Cys

Arg

Ser

Met

70

Leu

Asn

Ala

Ser

Phe

150

Gly

Leu

Tyr

Arg

Pro

230

Lys

Val

Tyr

Glu

His

310

Lys

Gln

Met

Pro

Asn
390

Leu

Ser

Lys

Gln

Asn

55

Thr

Arg

Asn

Ser

Thr

135

Pro

Val

Ser

Ile

Val

215

Ala

Pro

Val

Val

Gln

295

Gln

Ala

Pro

Thr

Ser
375

Tyr

Tyr

Gly

Ala

Ala

40

Gly

Arg

Ser

Phe

Thr

120

Ser

Glu

His

Ser

Cys

200

Glu

Pro

Lys

Val

Asp

280

Tyr

Asp

Leu

Arg

Lys

360

Asp

Lys

Ser

Ala

Ser

25

Pro

Asp

Asp

Glu

Asp

105

Lys

Gly

Pro

Thr

Val

185

Asn

Pro

Glu

Asp

Asp

265

Gly

Asn

Trp

Pro

Glu

345

Asn

Ile

Thr

Lys

Glu

10

Gly

Gly

Ser

Thr

Asp

90

Tyr

Gly

Gly

Val

Phe

170

Val

Val

Lys

Leu

Thr

250

Val

Val

Ser

Leu

Ala

330

Pro

Gln

Ala

Thr

Leu
410

Val

Tyr

Gln

Gly

Ser

75

Thr

Trp

Pro

Thr

Thr

155

Pro

Thr

Asn

Ser

Leu

235

Leu

Ser

Glu

Thr

Asn

315

Pro

Gln

Val

Val

Pro
395

Thr

Lys

Thr

Gly

Tyr

60

Thr

Ala

Gly

Ser

Ala

140

Val

Ala

Val

His

Cys

220

Gly

Met

His

Val

Tyr

300

Gly

Ile

Val

Ser

Glu
380

Pro

Val

Lys

Phe

Leu

45

Asn

Ser

Val

Gln

Val

125

Ala

Ser

Val

Pro

Lys

205

Asp

Gly

Ile

Glu

His

285

Arg

Lys

Glu

Tyr

Leu
365
Trp

Val

Asp

Pro

Thr

30

Glu

Gln

Thr

Tyr

Gly

110

Phe

Leu

Trp

Leu

Ser

190

Pro

Lys

Pro

Ser

Asp

270

Asn

Val

Glu

Lys

Thr

350

Thr

Glu

Leu

Lys

Gly

15

Asp

Trp

Lys

Ala

Tyr

95

Thr

Pro

Gly

Asn

Gln

175

Ser

Ser

Thr

Ser

Arg

255

Pro

Ala

Val

Tyr

Thr

335

Leu

Cys

Ser

Asp

Ser
415

Ala

Tyr

Ile

Phe

Tyr

80

Cys

Thr

Leu

Cys

Ser

160

Ser

Ser

Asn

His

Val

240

Thr

Glu

Lys

Ser

Lys

320

Ile

Pro

Leu

Asn

Ser
400

Arg
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Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu

420

425

430

His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys

435

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 70
H: 1401
DNA

440

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Humanized 131R008 Heavy chain

<400> SEQUE:

atgaagcatc

gtccaattgg

tgcaaggett

ggtcagggac

caaaagttca

gaactcagca

aataacttcg

ggccectecy

ctgggetgec

geectgaccet

ctgtecteceyg

gtgaaccaca

aagacccaca

ctgtteecte

gtggtggtgg

gtggaggtge

gtggtgtetg

aaggtctcca

cagcctegeg

caggtgtecce

gagtctaacyg

ggcteettet

gtgttctect

tctetgtete

<210> SEQ I

<211> LENGT.
<212> TYPE:

NCE: 70

tgtggttttt

tccagagegyg

ctggatacac

tggagtggat

agaaccgggt

ggctgegete

actattgggg

tgttcectet

tggtgaagga

ctggegtgea

tggtgaccgt

agccttecaa

cectgeectec

ctaagcctaa

acgtgtccca

acaacgctaa

tgctgacegt

acaaggccect

agcctcaggt

tgacctgtet

gecageccga

tcctgtacte

getecgtgat

ctggcaagtyg

D NO 71

H: 1344
DNA

cctectectt

tgccgaagtyg

cttcactgac

tggatacatc

gactatgacc

agaggacacc

gcagggcace

ggcecccttee

ctacttccect

caccttecca

gecttectee

caccaaggtyg

ctgeectgec

ggacacccty

cgaggatcct

gaccaagcca

getgcaccag

gecegetece

gtacaccctyg

ggtgaaggge

gaacaactac

caagctgacc

gcacgaggcce

a

gtegeegete

aagaaaccgg

tattcaatcc

tacccctcaa

agagatacct

gcagtgtatt

accctgactg

tccaagteca

gagcctgtga

geegtgetge

tcecectgggea

gacaagcggg

cctgagetge

atgatctecce

gaggtgaagt

agggaggage

gactggctga

atcgagaaaa

ccacccagcec

ttctaccctt

aagaccaccc

gtggacaagt

ctgcacaacc

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Humanized 131R008 Heavy chain (IgGl)

<400> SEQUE:

NCE: 71

445

cacgctgggt

gagctteegt

actgggtgag

atggggactce

caacatctac

actgtgccac

tcagctcage

cctecggegy

cegtgtecty

agtccteegyg

cccagaccta

tggagcctaa

tgggcggacc

ggaccectga

tcaattggta

agtacaactc

acggcaaaga

ccatctccaa

gggaggagat

ccgatatege

ctcetgtget

cceggtggea

actacaccca

(IgG1)

gettteccaa
gaaagtgagc
acaggcacct
tggctacaac
tgcctacatyg
ctactteget
ctcaaccaag
caccgecget
gaactctgge
cctgtactee
catctgcaac
gtcetgegac
ttcegtgtte
ggtgacctge
cgtggacgge
cacctacegyg
atacaagtgce
ggccaaggge
gaccaagaac
cgtggagtgg
ggactccgac
gcagggcaac

gaagagcctg

caagtccaat tggtccagag cggtgecgaa gtgaagaaac cgggagette cgtgaaagtg

agctgcaagyg cttctggata caccttcact gactattcaa teccactgggt gagacaggca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1401

60

120
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-continued
cctggtcagg gactggagtyg gattggatac atctaccect caaatgggga ctctggctac 180
aaccaaaagt tcaagaaccg ggtgactatg accagagata cctcaacatc tactgectac 240
atggaactca gcaggctgceg ctcagaggac accgcagtgt attactgtge cacctactte 300
gctaataact tcgactattg ggggcagggce accaccctga ctgtcagetce agectcaacce 360
aagggcccct ccgtgttece tcectggecect tectccaagt ccacctceegyg cggcaccgece 420
getetggget gectggtgaa ggactactte cctgagectyg tgaccgtgte ctggaactet 480
ggegecctga cctetggegt gcacacctte ccageegtge tgcagtecte cggectgtac 540
tcectgtect ccegtggtgac cgtgcecttece tecteccectgyg gcacccagac ctacatctge 600
aacgtgaacc acaagccttc caacaccaag gtggacaage gggtggagece taagtcctge 660
gacaagaccce acacctgcce tccctgecct geccectgage tgetgggegg accttecegtyg 720
ttectgttee ctectaagece taaggacacce ctgatgatet ceeggaccee tgaggtgace 780
tgegtggtgg tggacgtgtce ccacgaggat cctgaggtga agttcaattg gtacgtggac 840
ggcgtggagy tgcacaacgce taagaccaag ccaagggagg agcagtacaa ctccacctac 900
cgggtggtgt ctgtgetgac cgtgctgecac caggactgge tgaacggcaa agaatacaag 960
tgcaaggtct ccaacaaggc cctgcceget cecatcgaga aaaccatctce caaggccaag 1020
ggecagecte gegagectca ggtgtacace ctgccaccca gecgggagga gatgaccaag 1080
aaccaggtgt ccctgacctg tetggtgaag ggcttctacce cttcecgatat cgccgtggag 1140
tgggagtcta acggccagcce cgagaacaac tacaagacca cccectectgt getggactcee 1200
gacggctect tettectgta ctecaagetg accgtggaca agtcccecggtg gcagcagggce 1260
aacgtgttct cctgctcegt gatgcacgag gccctgcaca accactacac ccagaagagce 1320
ctgtctetgt ctcctggcaa gtga 1344

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 72
H: 112
PRT

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Humanized 131R005/131R007/131R008 Light chain

varia

ble region

<400> SEQUENCE: 72

Asp Ile Val
1

Gln Arg Ala
Gly Asp Ser
35

Lys Leu Leu
50

Arg Phe Ser
65

Pro Val Glu

Glu Asp Pro

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Thr Gln Ser Pro

Thr Ile Thr Cys Lys

20

Tyr Met Asn Trp Tyr

40

Ile Tyr Ala Ala Ser

55

Gly Ser Gly Ser Gly

70

Ala Glu Asp Val Ala

85

Leu Thr Phe Gly Ala

100

D NO 73
H: 237
PRT

Ala

Ala

25

Gln

Asn

Thr

Thr

Gly
105

<213> ORGANISM: Artificial sequence

Ser

10

Ser

Gln

Leu

Asp

Tyr
90

Thr

Leu

Gln

Lys

Glu

Phe
75

Tyr

Lys

Ala Val Ser

Ser Val Asp
30

Pro Gly Gln
Ser Gly Ile
60

Thr Leu Thr

Cys Gln Gln

Leu Glu Leu
110

Leu Gly
15

Tyr Asp

Pro Pro

Pro Ala

Ile Asn
80

Ser Asn
95

Lys Arg
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-continued

<220> FEATURE:
<223> OTHER INFORMATION: Humanized 131R005/131R007/131R008 Light chain

<400> SEQUENCE: 73

Met Lys His Leu Trp Phe Phe Leu Leu Leu Val Ala Ala Pro Arg Trp
1 5 10 15

Val Leu Ser Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala Val
20 25 30

Ser Leu Gly Gln Arg Ala Thr Ile Thr Cys Lys Ala Ser Gln Ser Val

Asp Tyr Asp Gly Asp Ser Tyr Met Asn Trp Tyr Gln Gln Lys Pro Gly
50 55 60

Gln Pro Pro Lys Leu Leu Ile Tyr Ala Ala Ser Asn Leu Glu Ser Gly
65 70 75 80

Ile Pro Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu
85 90 95

Thr Ile Asn Pro Val Glu Ala Glu Asp Val Ala Thr Tyr Tyr Cys Gln
100 105 110

Gln Ser Asn Glu Asp Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu
115 120 125

Leu Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser
130 135 140

Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn
145 150 155 160

Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala
165 170 175

Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys
180 185 190

Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp
195 200 205

Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu
210 215 220

Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
225 230 235

<210> SEQ ID NO 74

<211> LENGTH: 218

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized 131R005/131R007/131R008 Light chain

<400> SEQUENCE: 74

Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly
1 5 10 15

Gln Arg Ala Thr Ile Thr Cys Lys Ala Ser Gln Ser Val Asp Tyr Asp
20 25 30

Gly Asp Ser Tyr Met Asn Trp Tyr Gln Gln Lys Pro Gly Gln Pro Pro
35 40 45

Lys Leu Leu Ile Tyr Ala Ala Ser Asn Leu Glu Ser Gly Ile Pro Ala
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Asn
65 70 75 80

Pro Val Glu Ala Glu Asp Val Ala Thr Tyr Tyr Cys Gln Gln Ser Asn
85 90 95

Glu Asp Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys Arg
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Thr Val Ala
115

Leu Lys Ser
130

Pro Arg Glu
145

Gly Asn Ser

Tyr Ser Leu

His Lys Val
195

Val Thr Lys
210

<210> SEQ I
<211> LENGT.
<212> TYPE:

100

Ala Pro Ser Val Phe

120

Gly Thr Ala Ser Val

135

Ala Lys Val Gln Trp
150

Gln Glu Ser Val Thr

165

Ser Ser Thr Leu Thr

180

Tyr Ala Cys Glu Val

200

Ser Phe Asn Arg Gly

D NO 75
H: 336
DNA

215

105

Ile Phe Pro

Val Cys Leu

Lys Val Asp
155

Glu Gln Asp
170

Leu Ser Lys
185

Thr His Gln

Glu Cys

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

110

Pro Ser Asp
125

Leu Asn Asn
140

Asn Ala Leu

Ser Lys Asp

Ala Asp Tyr
190

Gly Leu Ser
205

Glu Gln

Phe Tyr

Gln Ser
160

Ser Thr
175

Glu Lys

Ser Pro

<223> OTHER INFORMATION: Humanized 131R005/131R007/131R008 Light chain

<400> SEQUENCE: 75

gatatcgtce
atcacttgca
caacagaagc
ggcatccegyg
ccagtggagg
actttecggag
<210> SEQ I

<211> LENGT.
<212> TYPE:

tgacccaaag
aggcatctca
caggtcaacc
cteggttete
ccgaggacgt
ccgggaccaa
D NO 76

H: 714
DNA

ccctgettea

gagcgtggac

tcccaaactyg

tggttctgga

ggctacttac

getggagett

cttgctgtga

tatgatggag

ctgatctacg

tcaggaaccyg

tactgccage

aagcgt

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

gcctggggca

actcttacat

ccgcatctaa

acttcaccct

agtcaaacga

acgcgecace
gaattggtat
tcttgaaage
caccattaac

ggaccceetyg

60

120

180

240

300

336

<223> OTHER INFORMATION: Humanized 131R005/131R007/131R008 Light chain

<400> SEQUENCE: 76

atgaaacatc

atcgtectga

acttgcaagg

cagaagccag

atcceggete

gtggaggecg

ttcggageceyg

tttccaccct

aacttctacc

aactctcaag

actctcaccce

catcagggtce

tttggttett

cccaaagcecce

catctcagag

gtcaacctee

ggttctetgyg

aggacgtggc

ggaccaagct

ccgacgaaca

ccagggaggc

aaagcgtcac

tctcaaagge

tgtecctetee

ccttetgetyg

tgcttcactt

cgtggactat

caaactgetyg

ttctggatca

tacttactac

ggagcttaag

gcttaagtca

caaggtgcag

cgagcaggac

cgattatgag

tgtcaccaag

gtegetgete

getgtgagee

gatggagact

atctacgeeg

ggaaccgact

tgccagcagt

cgtacggtgg

ggcactgect

tggaaagtgg

agcaaggact

aagcacaagg

tccttcaata

thggtgggt

tggggcaacg

cttacatgaa

catctaatct

tcaccctcac

caaacgagga

cecgecaccgte

cagtcgtgtyg

acaacgcect

ccacctacte

tgtacgcatyg

gaggagaatg

gettagegat

cgccaccate

ttggtatcaa

tgaaagcgge

cattaaccca

ccecectgact

agtctttate

tctcectecaat

ccagteccggyg

actgtcaage

cgaagtgacc

ttga

60

120

180

240

300

360

420

480

540

600

660

714
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<210> SEQ ID NO 77
<211> LENGTH: 657

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Humanized 131R005/131R007/131R008 Light chain

<400> SEQUENCE: 77

gatatcgtce

atcacttgca

caacagaagc

ggcatccegyg

ccagtggagg

actttecggag

atctttccac

aataacttct

gggaactcte

agcactctca

acccatcagg

tgacccaaag
aggcatctca
caggtcaacc
cteggttete
ccgaggacgt
ccgggaccaa
cctecgacga
accccaggga
aagaaagcgt
ccctetcaaa

gtctgtecte

<210> SEQ ID NO 78
<211> LENGTH: 5

<212> TYPE:

PRT

ccctgettea

gagcgtggac

tcccaaactyg

tggttctgga

ggctacttac

getggagett

acagcttaag

ggccaaggtg

caccgagcag

ggcegattat

tcctgteace

cttgctgtga
tatgatggag
ctgatctacg
tcaggaaccyg
tactgccage
aagcgtacgg
tcaggcactg
cagtggaaag
gacagcaagg
gagaagcaca

aagtccttca

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Variant Heavy chain CDR1

<400> SEQUENCE: 78

Asp Tyr Ser Ile His

1

5

<210> SEQ ID NO 79
<211> LENGTH: 16

<212> TYPE:

PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Variant Heavy chain CDR2

<400> SEQUENCE: 79

gcctggggca

actcttacat

ccgcatctaa

acttcaccct

agtcaaacga

tggccgcace

cctecagtegt

tggacaacgce

actccaccta

aggtgtacge

atagaggaga

acgcgecace

gaattggtat

tcttgaaage

caccattaac

ggaccceetyg

gtcagtettt

gtgtctecte

cctecagtec

ctcactgtca

atgcgaagtyg

atgttga

Tyr Ile Tyr Pro Ser Asn Gly Asp Ser Gly Tyr Asn Gln Lys Phe Lys

1

5

<210> SEQ ID NO 80
<211> LENGTH: 8

<212> TYPE:

PRT

10

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Variant Heavy chain CDR3

<400> SEQUENCE: 80

Thr Tyr Phe Ala Asn Asn Phe Asp

1

5

<210> SEQ ID NO 81
<211> LENGTH: 15

<212> TYPE:

PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Variant Light chain CDR1

15

60

120

180

240

300

360

420

480

540

600

657
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<400> SEQUENCE: 81
Lys Ala Ser Gln Ser Val Asp Tyr Asp Gly Asp Ser Tyr Met Asn
1 5 10 15

<210> SEQ ID NO 82

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Variant Light chain CDR2
<400> SEQUENCE: 82

Ala Ala Ser Asn Leu Glu Ser

1 5

<210> SEQ ID NO 83

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Variant Light chain CDR3
<400> SEQUENCE: 83

Gln Gln Ser Asn Glu Asp Pro Leu Thr Phe

1 5 10

<210> SEQ ID NO 84

<211> LENGTH: 1404

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized 131R010 Heavy chain (IgGl)
<400> SEQUENCE: 84

atgaaacact tgtggttett tctgetectt gtegcageac cacggtgggt getgtegeaa
gtgcaattgyg tgcagtcegyg ageggaagtg aagaagectyg gtgecteggt caaagtcetcea
tgcaaggcca geggatacac tttcaccgac tactccatee attgggtgayg gcaggcteceg
ggccagggee tggagtggat tgggtacate taccegtcega acggagatte ggggtacaat
cagaagttca agaaccgcgt gaccatgact cgggacacct caacttccac ggettatatg
gaactgagee gectgagate cgaggacact geggtgtact actgtgecac ctactttgeg
aacaattteg attactgggg acaaggaacc acgctcactyg tcagetcage cagcaccaag
ggeccecteeyg tgttecctet ggececttee tccaagteca ccteeggegg caccgecget
ctgggetgee tggtgaagga ctactteect gagectgtga cegtgtectyg gaactctgge
geectgacet ctggegtgea caccttecca gecogtgetge agtectecgg cetgtactec
ctgtecteeyg tggtgacegt gecttectee teectgggea cccagaccta catctgcaac
gtgaaccaca agccttccaa caccaaggtg gacaageggg tggagectaa gtectgegac
aagacccaca cctgeectee ctgeccctgee cctgagetge tgggeggace tteegtgtte
ctgtteccte ctaagectaa ggacacccetyg atgatctece ggacccectga ggtgacctge
gtggtggtygyg acgtgtccca cgaggatccet gaggtgaagt tcaattggta cgtggacgge
gtggaggtge acaacgctaa gaccaagcca agggaggage agtacaacte cacctacegy
gtggtgtetyg tgectgacegt getgecaccag gactggetga acggcaaaga atacaagtge
aaggtctcca acaaggccct gecegetece atcgagaaaa ccatctccaa ggecaaggge

cagcctegeg agectcaggt gtacaccetg ccacccagec gggaggagat gaccaagaac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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caggtgtecce
gagtctaacyg
ggcteettet
gtgttectect

tctetgtete

tgacctgtet
gecageccga
tcctgtacte
getecgtgat

ctggcaagtyg

<210> SEQ ID NO 85
<211> LENGTH: 1347

<212> TYPE:

DNA

ggtgaaggge
gaacaactac
caagctgacc
gcacgaggcce

ataa

ttctaccctt ccgatatege cgtggagtgg

aagaccacce ctectgtget ggactecgac

gtggacaagt cccggtggca gcagggcaac

ctgcacaacce actacaccca gaagagectg

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Humanized 131R010 Heavy chain

<400> SEQUENCE: 85

caagtgcaat

tcatgcaagyg

ccgggcecagyg

aatcagaagt

atggaactga

gcgaacaatt

aagggcccect

getetggget

ggcgcectga

tcecetgtect

aacgtgaacc

gacaagacce

ttectgttee

tgcgtggtgg

ggcgtggagg

cgggtggtgt

tgcaaggtct

ggccagecte

aaccaggtgt

tgggagtcta

gacggctect

aacgtgttcet

ctgtctetgt

tggtgcagtce

ccagcggata

gcctggagtg

tcaagaaccyg

geegectgag

tcgattactg

cegtgttece

gectggtgaa

cctetggegt

cegtggtgac

acaagcctte

acacctgecee

ctcctaagec

tggacgtgte

tgcacaacgc

ctgtgetgac

ccaacaaggc

gegagectcea

cecctgacetyg

acggccagec

tcttectgta

cctgeteegt

ctcctggeaa

<210> SEQ ID NO 86
<211> LENGTH: 112

<212> TYPE:

PRT

cggagcggaa

cactttcacc

gattgggtac

cgtgaccatg

atccgaggac

gggacaagga

tctggecect

ggactacttce

gcacacctte

cgtgecttec

caacaccaag

tccetgecect

taaggacacc

ccacgaggat

taagaccaag

cgtgctgeac

cectgeceget

ggtgtacacc

tctggtgaag

cgagaacaac

ctccaagetyg

gatgcacgag

gtgataa

gtgaagaagc

gactactcca

atctaccegt

actcgggaca

actgcggtgt

accacgctca

tcctecaagt

cctgagectyg

ccagcegtge

tccteectygy

gtggacaagce

gecectgage

ctgatgatct

cctgaggtga

ccaagggagg

caggactgge

cccategaga

ctgccaccca

ggcttctace

tacaagacca

accgtggaca

gecctgcaca

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Humanized 131R010/131R011 Light chain variable

region

<400> SEQUENCE: 86

ctggtgecte

tccattgggt

cgaacggaga

cctcaactte

actactgtge

ctgtcagete

ccaccteegy

tgaccgtgte

tgcagtecte

gcacccagac

gggtggagece

tgctgggegyg

cceggacece

agttcaattg

agcagtacaa

tgaacggcaa

aaaccatcte

gccgggagga

ctteccgatat

ccectectgt

agtcceggty

accactacac

(IgG1)

ggtcaaagtc
gaggcagget
ttcggggtac
cacggcettat
cacctacttt
agccagcace
cggcaccgece
ctggaactct
cggectgtac
ctacatctge
taagtcctge
accttecegty
tgaggtgacc
gtacgtggac
ctccacctac
agaatacaag
caaggccaag
gatgaccaag
cgcecgtggag
getggactee
gcagcaggge

ccagaagage

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1

5

10

15

1200

1260

1320

1380

1404

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1347
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Asp

Gly

Lys

Arg

65

Glu

<210>
<211>
<212>
<213>
<220>
<223>

Arg

Asp

Leu

50

Phe

Val

Asp

Val

Ser

35

Leu

Ser

Gln

Pro

Thr

20

Tyr

Ile

Gly

Ala

Leu

100

PRT

<400> SEQUENCE:

Met

1

Val

Ser

Asp

Lys

65

Thr

Gln

Leu

Asp

145

Asn

Leu

Asp

Tyr

Ser
225

Lys

Leu

Val

Tyr

50

Ala

Pro

Ile

Ser

Lys

130

Glu

Phe

Gln

Ser

Glu
210

Ser

His

Ser

Gly

Asp

Pro

Ser

Ser

Asn

115

Arg

Gln

Tyr

Ser

Thr
195

Lys

Pro

Leu

Asp

20

Asp

Gly

Lys

Arg

Pro

100

Glu

Thr

Leu

Pro

Gly

180

Tyr

His

Val

Ile Thr

Met Asn

Tyr Ala

Ser Gly

Glu Asp

85

Thr Phe

SEQ ID NO 87
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: Humanized 131R010/131R011 Light chain

237

87

Trp Phe

Ile Gln

Arg Val

Asp Ser

Leu Leu

70

Phe Ser
85

Val Gln

Asp Pro

Val Ala

Lys Ser

150

Arg Glu

165

Asn Ser

Ser Leu

Lys Val

Thr Lys
230

<210> SEQ ID NO 88

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Artificial sequence

PRT

218

Cys

Trp

Ala

55

Ser

Phe

Gly

Phe

Met

Thr

Tyr

55

Ile

Gly

Ala

Leu

Ala

135

Gly

Ala

Gln

Ser

Tyr
215

Ser

Lys

Tyr

40

Ser

Gly

Ala

Ala

Leu

Thr

Ile

Met

Tyr

Ser

Glu

Thr

120

Pro

Thr

Lys

Glu

Ser
200

Ala

Phe

Ala

Gln

Asn

Thr

Thr

Gly
105

Leu

Gln

25

Thr

Asn

Ala

Gly

Asp

105

Phe

Ser

Ala

Val

Ser

185

Thr

Cys

Asn

Ser

Gln

Leu

Asp

Tyr

90

Thr

Leu

10

Ser

Cys

Trp

Ala

Ser

90

Phe

Gly

Val

Ser

Gln

170

Val

Leu

Glu

Arg

Gln

Lys

Glu

Phe

75

Tyr

Lys

Val

Pro

Lys

Tyr

Ser

75

Gly

Ala

Ala

Phe

Val

155

Trp

Thr

Thr

Val

Gly
235

Ser

Pro

Ser

60

Thr

Cys

Leu

Ala

Ser

Ala

Gln

60

Asn

Thr

Thr

Gly

Ile

140

Val

Lys

Glu

Leu

Thr
220

Glu

Val

Gly

45

Gly

Leu

Gln

Glu

Ala

Ser

Ser

Gln

Leu

Asp

Tyr

Thr

125

Phe

Cys

Val

Gln

Ser
205

His

Cys

Asp

30

Lys

Val

Thr

Gln

Leu
110

Pro

Leu

30

Gln

Lys

Glu

Phe

Tyr

110

Lys

Pro

Leu

Asp

Asp

190

Lys

Gln

Tyr

Ala

Pro

Ile

Ser

95

Lys

Arg

15

Ser

Ser

Pro

Ser

Thr

95

Cys

Leu

Pro

Leu

Asn

175

Ser

Ala

Gly

Asp

Pro

Ser

Ser

80

Asn

Arg

Trp

Ala

Val

Gly

Gly

80

Leu

Gln

Glu

Ser

Asn

160

Ala

Lys

Asp

Leu
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<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 88

Asp Ile Gln
1

Asp Arg Val
Gly Asp Ser
35

Lys Leu Leu
50

Arg Phe Ser
65

Pro Val Gln

Glu Asp Pro

Thr Val Ala

115

Leu Lys Ser
130

Pro Arg Glu
145

Gly Asn Ser
Tyr Ser Leu
His Lys Val

195
Val Thr Lys

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

Met Thr Gln Ser Pro

5

Thr Ile Thr Cys Lys

20

Tyr Met Asn Trp Tyr

40

Ile Tyr Ala Ala Ser

55

Gly Ser Gly Ser Gly

70

Ala Glu Asp Phe Ala

85

Leu Thr Phe Gly Ala

100

Ala Pro Ser Val Phe

120

Gly Thr Ala Ser Val

135

Ala Lys Val Gln Trp
150

Gln Glu Ser Val Thr

165

Ser Ser Thr Leu Thr

180

Tyr Ala Cys Glu Val

200

Ser Phe Asn Arg Gly

D NO 89
H: 336
DNA

215

Ser Ser Leu
10

Ala Ser Gln
25

Gln Gln Lys

Asn Leu Glu

Thr Asp Phe

75

Thr Tyr Tyr
90

Gly Thr Lys
105

Ile Phe Pro

Val Cys Leu

Lys Val Asp
155

Glu Gln Asp
170

Leu Ser Lys
185

Thr His Gln

Glu Cys

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

Ser Ala Ser
Ser Val Asp

30
Pro Gly Lys
Ser Gly Val
60

Thr Leu Thr

Cys Gln Gln

Leu Glu Leu

110

Pro Ser Asp
125

Leu Asn Asn
140

Asn Ala Leu

Ser Lys Asp

Ala Asp Tyr
190

Gly Leu Ser
205

Humanized 131R010/131R011 Light chain

Val Gly
15

Tyr Asp

Ala Pro

Pro Ser

Ile Ser
80

Ser Asn
95

Lys Arg

Glu Gln

Phe Tyr

Gln Ser

160

Ser Thr
175

Glu Lys

Ser Pro

<223> OTHER INFORMATION: Humanized 131R010/131R011 Light chain variable
region nucleic acid

<400> SEQUENCE: 89

gatatccaga

attacttgta

cagcaaaaac

ggagtcccga

ccagtgcaag

acctteggeyg

<210> SEQ I

<211> LENGT.
<212> TYPE:

tgactcagtce

aagcgtcceca

cgggaaaggc

geceggtteag

ccgaggactt

cagggaccaa

D NO 90

H: 714
DNA

geccteateg

gagcgtggac

tcctaaactt

cggatcagge

cgcgacctac

getggaactyg

ttgagcgect

tacgacggag

ctcatctacg

tccggtactyg

tactgccaac

aagcgt

<213> ORGANISM: Artificial sequence

<220> FEATU

RE:

cggtecgggga

attcctacat

cagcctcgaa

attttaccct

agtccaacga

tcgegtgact

gaactggtat

tctggaatca

cacgatcteg

ggaccegetyg

<223> OTHER INFORMATION: Humanized 131R010/131R011 Light chain

<400> SEQUENCE: 90

60

120

180

240

300

336
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atgaaacacc tgtggttctt cctcctgctg gtggcagcete ccagatgggt cctgtcecgat 60
atccagatga ctcagtcgcce ctcatcgttg agegcectegg tceggggatcg cgtgactatt 120
acttgtaaag cgtcccagag cgtggactac gacggagatt cctacatgaa ctggtatcag 180
caaaaaccgg gaaaggctcc taaacttcte atctacgcag cctcgaatct ggaatcagga 240
gtcccgagee ggttcagegg atcaggctcec ggtactgatt ttaccctcac gatctegeca 300
gtgcaagcceg aggacttcge gacctactac tgccaacagt ccaacgagga cccgctgacc 360
ttcggegecag ggaccaagct ggaactgaag cgtacggtgg ccgctcecatce cgtgtttatce 420
tttcegeegt ccgatgagca gctcaagtcg ggcactgcca gegtggtctyg cctgettaac 480
aatttctacc ctagggaagc caaggtgcag tggaaggtgg ataacgcgct ccaatcecggt 540
aactcgcaag agagcgtgac cgaacaggac tcaaaggact cgacgtacag cctgtcatcg 600
accttgactc tctcaaaggc cgactacgaa aagcacaagg tctacgegtg cgaagtcacc 660
catcagggac tgtcctcgee tgtgaccaag agcttcaatc gcggagagtg ctga 714

<210> SEQ ID NO 91

<211> LENGTH: 657

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized 131R010/131R011 Light chain

<400> SEQUENCE: 91

gatatccaga tgactcagtc gccctcateg ttgagegect cggtegggga tegegtgact 60
attacttgta aagcgtccca gagegtggac tacgacggag attcctacat gaactggtat 120
cagcaaaaac cgggaaaggce tcctaaactt ctecatctacg cagectcgaa tctggaatca 180
ggagtccega geeggttcag cggatcagge tcceggtactg attttaccct cacgatcteg 240
ccagtgcaag ccgaggactt cgecgacctac tactgccaac agtccaacga ggacccgetg 300
acctteggeg cagggaccaa gctggaactg aagegtacgg tggecgetcee atcegtgttt 360
atctttcege cgtccgatga geagctcaag tegggeactg ccagegtggt ctgectgett 420
aacaatttct accctaggga agccaaggtg cagtggaagg tggataacge gctccaatce 480
ggtaactcge aagagagcegt gaccgaacag gactcaaagg actcgacgta cagectgtca 540
tcgaccttga ctetetcaaa ggccgactac gaaaagcaca aggtctacge gtgcgaagte 600
acccatcagg gactgtecte gectgtgace aagagettca atcgeggaga gtgctga 657

<210> SEQ ID NO 92

<211> LENGTH: 351

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized 131R011 Heavy chain variable region
nucleic acid

<400> SEQUENCE: 92

caagtgcaat tggtgcagte cggagcggaa gtgaagaage ctggtgecte ggtcaaagte 60
tcatgcaagg ccagcggata cactttcacce gactactcca tecattgggt gaggcaggcet 120
cegggecagyg gectggagtg gattgggtac atctaccegt cgaacggaga tteggggtac 180
aatcagaagt tcaagaaccg cgtgaccatg actcgggaca cctcaactte cacggcettat 240
atggaactga gccgectgag atccgaggac actgeggtgt actactgtge cacctacttt 300

gecgaacaatt tcgattactg gggacaagga accacgctca ctgtcagete a 351
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<210> SEQ ID NO 93
<211> LENGTH: 1392

<212> TYPE

: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Humanized 131R011 Heavy chain

<400> SEQUENCE: 93

atgaaacact

gtgcaattgg

tgcaaggcca

ggccagggcc

cagaagttca

gaactgagce

aacaatttcg

ggccectecy

ctgggetgec

geectgaccet

ctgtecteceyg

gtggaccaca

gagtgcccte

aagcctaagg

gtgtcccacy

aacgccaaga

ctgaccgtygyg

aagggcctge

cctecaggtet

acctgtetgg

cagcctgaga

ctgtactcca

tcegtgatge

ggcaagtgat

tgtggttett

tgcagtcegyg

geggatacac

tggagtggat

agaaccgegt

gectgagatce

attactgggyg

tgttcectet

tggtgaagga

ctggegtgea

tggtgaccgt

agccttecaa

cttgtectge

acaccctgat

aggaccctga

ccaagecteg

tgcaccagga

ctgecectat

acaccetgec

tgaagggett

acaactacaa

agctgacagt

acgaggeect

aa

<210> SEQ ID NO 94
<211> LENGTH: 1335

<212> TYPE:

DNA

tetgetectt

agcggaagtg

tttcaccgac

tgggtacatc

gaccatgact

cgaggacact

acaaggaacc

ggceccettge

ctacttccect

cacctteect

gecttectee

caccaaggtyg

tcctectgty

gatctecegyg

ggtgcagtte

ggaggaacag

ctggctgaac

cgaaaagacc

tcctagecgy

ctacccttcec

gaccaccect

ggacaagtce

gcacaaccac

gtcgcagcac

aagaagcctyg

tactccatcce

tacccgtega

cgggacacct

geggtgtact

acgctcactg

tcceggteca

gagcctgtga

geegtgetge

aacttecggca

gacaagaccyg

getggeccett

acccctgaag

aattggtacg

ttcaactcca

ggcaaagaat

atctctaaga

gaggaaatga

gatatcgecyg

cctatgetygyg

cggtggcagc

tacacccaga

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Humanized 131R011 Heavy chain

<400> SEQUENCE: 94

caagtgcaat

tcatgcaagyg

ccgggcecagyg

aatcagaagt

atggaactga

tggtgcagtce

ccagcggata

gcctggagtg

tcaagaaccyg

geegectgag

cggagcggaa

cactttcacc

gattgggtac

cgtgaccatg

atccgaggac

gtgaagaagc

gactactcca

atctaccegt

actcgggaca

actgcggtgt

cacggtgggt

gtgccteggt

attgggtgag

acggagattce

caacttccac

actgtgccac

tcagctcage

cctetgagte

cegtgtecty

agtccteegyg

cccagaccta

tggagcggaa

ctgtgttect

tgacctgegt

tggacggcgt

cctteegggt

acaagtgcaa

ccaagggceca

ccaagaacca

tggagtggga

actccgacgg

agggcaacgt

agtccetgte

ctggtgecte

tccattgggt

cgaacggaga

cctcaactte

actactgtge

(IgG2)

getgtegeaa
caaagtctca
gcaggcteeg
ggggtacaat
ggcttatatg
ctactttgeg
cagcaccaag
taccgecget
gaactctgge
cctgtactee
cacctgcaac
gtgctgegtyg
gttecctect
ggtggtggac
ggaggtgcac
ggtgtetgtyg
ggtgtccaac
gectegegag
ggtgtccetyg
gtctaacgge
ctccttette
gttctectge

cctgtetect

(IgG2)

ggtcaaagtc
gaggcagget
ttcggggtac
cacggcettat

cacctacttt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1392

60

120

180

240

300
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gcgaacaatt tcgattactg gggacaagga accacgctca ctgtcagctc agccagcacc 360
aagggcccct cegtgttcece tcetggeccet tgctcececggt ccacctetga gtctaccgece 420
gctetggget gectggtgaa ggactacttce cctgagcectg tgaccgtgte ctggaactcet 480
ggcgccctga cctetggegt gecacacctte cctgeccegtge tgcagtcecte cggectgtac 540
tcccotgtect cegtggtgac cgtgecttece tccaactteg gcacccagac ctacacctgce 600
aacgtggacc acaagccttc caacaccaag gtggacaaga ccgtggagcg gaagtgcetgce 660
gtggagtgce ctecttgtcee tgctectect gtggetggee cttetgtgtt cctgttecct 720

cctaagecta aggacaccct gatgatctece cggaccectg aagtgacctg

gacgtgtcce acgaggacce tgaggtgcag ttcaattggt acgtggacgg

cacaacgcca agaccaagece tcgggaggaa cagttcaact ccacctteeg

gtgctgacceg tggtgcacca ggactggcetyg aacggcaaag aatacaagtg

aacaagggcce tgectgeccee tatcgaaaag accatctcta agaccaaggg

gagcctcagg tctacacccet gectectage cgggaggaaa tgaccaagaa

ctgacctgte tggtgaaggg cttctaccet tecgatateg cegtggagtg

ggccagectyg agaacaacta caagaccacce cctectatge tggactecga

ttcectgtact ccaagetgac agtggacaag tcceggtgge agcagggcaa

tgctcegtga tgcacgagge cctgcacaac cactacacce agaagtccct

cctggcaagt gataa

<210>

SEQ ID NO 95

cgtggtggtyg 780
cgtggaggtyg 840
ggtggtgtcet 900
caaggtgtcc 960
ccagcctege 1020
ccaggtgtcce 1080
ggagtctaac 1140
cggctectte 1200
cgtgttectece 1260
gtccectgtet 1320

1335

<211> LENGTH: 350

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized 131R010 Heavy chain variable region

<400> SEQUENCE: 95

caagtgcaat tggtgcagte cggagcggaa gtgaagaage ctggtgecte ggtcaaagte 60

tcatgcaagg ccagcggata cactttcacce gactactcca tecattgggt gaggcaggcet 120

cegggecagyg gectggagtg gattgggtac atctaccegt cgaacggaga tteggggtac 180

aatcagaagt tcaagaaccg cgtgaccatg actcgggaca cctcaactte cacggcettat 240

atggaactga gccgectgag atccgaggac actgeggtgt actactgtge cacctacttt 300

gcgaacaatt tcgattactg gggacaagga accacgctca ctgtcagetce 350
50

What is claimed is:

1. An isolated monoclonal antibody that specifically binds

human R-spondin 3 (RSPO3), which comprises:

(a) a heavy chain CDR1 comprising KASGYTFTDYS
(SEQ ID NO:9), KASGYTFTSYTF (SEQ ID NO:34),
or DYSIH (SEQ ID NO:78), a heavy chain CDR2 com-
prising IYPSNGDS (SEQ ID NO:10) or
YIYPSNGDSGYNQKFK (SEQ ID NO:79), and a
heavy chain CDR3 comprising ATYFANYFDY (SEQ
ID NO:11), ATYFANNFDY (SEQ ID NO:35), or
TYFANNED (SEQ ID NO:80); and

(b) a light chain CDR1 comprising QSVDYDGDSYM
(SEQIDNO:12) or KASQSVDYDGDSYMN (SEQID
NO:81), a light chain CDR2 comprising AAS (SEQ ID
NO:13) or AASNLES (SEQ ID NO:82), and a light
chain CDR3 comprising QQSNEDPLT (SEQ ID
NO:14) or QQSNEDPLTF (SEQ ID NO:83).

55

60

65

2. The antibody of claim 1, which comprises:

(a) a heavy chain CDR1 comprising KASGYTFTDYS
(SEQ ID NO:9), a heavy chain CDR2 comprising
TYPSNGDS (SEQ ID NO:10), and a heavy chain CDR3
comprising TYFANNFD (SEQ ID NO:80); and

(b) a light chain CDR1 comprising QSVDYDGDSYM
(SEQ ID NO:12), a light chain CDR2 comprising AAS
(SEQ ID NO:13), and a light chain CDR3 comprising
QQSNEDPLT (SEQ ID NO:14).

3. The antibody of claim 1, which comprises:

(a) a heavy chain variable region having at least 90%
sequence identity to SEQ ID NO:15, SEQ ID NO:16,
SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:44, SEQ
1D NO:45, or SEQ ID NO:62; and

(b) a light chain variable region having at least 90%
sequence identity to SEQ ID NO:17, SEQ ID NO:72, or
SEQ ID NO:86.
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4. An isolated monoclonal antibody that specifically binds
human RSPO3, which comprises:

(a) a heavy chain variable region comprising SEQ ID
NO:15 and alight chain variable region comprising SEQ
ID NO:17 or SEQ ID NO:72;

(b) a heavy chain variable region comprising SEQ ID
NO:16 and alight chain variable region comprising SEQ
ID NO:17 or SEQ ID NO:72;

(c) a heavy chain variable region comprising SEQ ID
NO:36 and alight chain variable region comprising SEQ
ID NO:17 or SEQ ID NO:72;

(d) a heavy chain variable region comprising SEQ ID
NO:37 and alight chain variable region comprising SEQ
ID NO:17 or SEQ ID NO:72;

(e) a heavy chain variable region comprising SEQ ID
NO:44 and alight chain variable region comprising SEQ
ID NO:17, SEQ ID NO:72, or SEQ ID NO:86;

() a heavy chain variable region comprising SEQ ID
NO:45 and alight chain variable region comprising SEQ
ID NO:17, SEQ ID NO:72, or SEQ ID NO:86; or

(g) a heavy chain variable region comprising SEQ ID
NO:62 and alight chain variable region comprising SEQ
ID NO:17, SEQ ID NO:72, or SEQ ID NO:86.

5. The antibody of claim 1, which is a recombinant anti-
body, a chimeric antibody, a bispecific antibody, a humanized
antibody, an IgG1 antibody, an 1gG2 antibody, or an antibody
fragment comprising an antigen binding site.

6. An isolated monoclonal antibody comprising:

(a) a heavy chain sequence of SEQ ID NO:27, SEQ ID
NO:28, SEQ ID NO:39, SEQ ID NO:42, SEQ ID
NO:48, SEQ ID NO:49, SEQ ID NO:64, or SEQ 1D
NO:69; and

(b) a light chain sequence of SEQ ID NO:29, SEQ ID
NO:74, or SEQ ID NO:88.

7. The antibody of claim 6, which comprises:

(a) a heavy chain sequence of SEQ ID NO:48 and a light
chain sequence of SEQ ID NO:74 or SEQ ID NO:88;
(b) a heavy chain sequence of SEQ ID NO:64 and a light

chain sequence of SEQ ID NO:74 or SEQ ID NO:88; or

(c) a heavy chain sequence of SEQ ID NO:69 and a light
chain sequence of SEQ ID NO:74 or SEQ ID NO:88.

10
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8. An isolated monoclonal antibody comprising the heavy
chain variable region encoded by the plasmid deposited with
ATCC as PTA-120420 and the light chain variable region
encoded by the plasmid deposited with ATCC as
PTA-120421.

9. An isolated polypeptide comprising a sequence selected
from the group consisting of: SEQ ID NO:15, SEQ ID NO:16,
SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ 1D
NO:27, SEQ ID NO:28, SEQ ID NO:36, SEQ ID NO:37,
SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:41, SEQ 1D
NO:42, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46,
SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ 1D
NO:62,SEQIDNO:63,SEQID NO:64 SEQIDNO:68, SEQ
ID NO:69, SEQ ID NO:72, SEQ ID NO:73, SEQ ID NO:74,
SEQ ID NO:86, SEQ ID NO:87, and SEQ ID NO:88.

10. A cell comprising or producing the antibody of claim 1.

11. A pharmaceutical composition comprising the anti-
body of claim 1 and a pharmaceutically acceptable carrier.

12. The antibody of claim 1, which comprises:

(a) a heavy chain CDR1 comprising DYSIH (SEQ ID
NO:78), a heavy chain CDR2 comprising
YIYPSNGDSGYNQKFK (SEQ ID NO:79), and a
heavy chain CDR3 comprising TYFANNFD (SEQ ID
NO:80); and

(b) a light chain CDR1 comprising KASQS-
VDYDGDSYMN (SEQID NO:81), alight chain CDR2
comprising AASNLES (SEQ ID NO:82), and a light
chain CDR3 comprising QQSNEDPLT (SEQ ID
NO:14).

13. The antibody of claim 12, which is a recombinant
antibody, a chimeric antibody, a bispecific antibody, a human-
ized antibody, an IgG1 antibody, an IgG2 antibody, or an
antibody fragment comprising an antigen binding site.

14. A pharmaceutical composition comprising the anti-
body of claim 12 and a pharmaceutically acceptable carrier.

15. An isolated monoclonal antibody that specifically
binds human RSPO3, which comprises a heavy chain vari-
able region comprising SEQ ID NO:44 and a light chain
variable region comprising SEQ ID NO:86.

#* #* #* #* #*



